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ABSTRACT 
 
Introduction  
 
With the largest epidemic in the world, the consequences of human immunodeficiency virus (HIV) 
in South Africa extend far beyond its disease burden. In fact, patterns of HIV-related infection and 
mortality in South Africa still reflect social cleavages and inequalities. Similarly, poverty-related 
issues such as poor education, unemployment and subsequent low socio-economic status, rural 
residence and inadequate access to health care are all implicated in human papillomavirus (HPV) 
associated cervical cancer-related mortality (of which South Africa also has the highest globally). 
Despite the knowledge of reproductive functions and sexuality being poor among adolescents in 
South Africa, the majority commence their sexual activity early with an estimated national average 
of 15 years for girls and 14 years for boys. Further, many South African adolescents engage in 
sexual risk-taking behaviours including concurrent partners and unprotected sexual acts that 
considerably increase their vulnerability to sexually transmitted infections including HIV and 
HPV. In recognising the unique health needs of adolescents in South Africa, the national 
government has already pin-pointed school health services as a strategic arm of primary health 
care re-engineering. The aim of this body of work is to elaborate on restructuring of adolescent 
health care by introducing the HIV and HPV vaccine concomitantly in South Africa via a school-
based sexual and reproductive health service. 
 
Methodology  
 
Data from four studies were analysed and are presented in three published and two unpublished 
papers. The first study evaluated the synergism between HIV and HPV in the South African 
context and formed the basis of the literature review. The second study considered HIV vaccine 
implementation alone. The third study assessed dual HIV and HPV vaccine strategies among 
females and the final study compared the dual vaccination strategy against recognised biomedical 
HIV prevention interventions.  
 
ix 
 
The studies evaluated the implementation of a hypothetical HIV vaccine and the bivalent HPV 
vaccine both individually and in combination when administered to school-going adolescents in 
South Africa. The health outcomes and the cost-effectiveness of these strategies were assessed. 
Assumptions were made regarding the hypothetical HIV vaccine (based on HIV vaccine studies 
conducted to date) including a coverage rate of 60% (uncertainty range: 30-70%), vaccine efficacy 
of 50% (uncertainty range: 30-70%) and vaccine price per dose of US$ 12 (uncertainty range: US$ 
3-24). The uncertainty ranges were tested in the sensitivity analysis. Mortality statistics, disease 
transition parameters (for the individual diseases and the models representing joint disease) and 
HPV vaccine characteristics were drawn from the South African literature. The joint effectiveness 
of the dual vaccine strategy was considered multiplicative.  
 
Nine year old adolescents attending South African schools in 2012 were eligible for the 
intervention (vaccination) that was introduced opportunistically as part of the national health 
initiative introducing school-based sexual and reproductive health services. The learners were 
targeted prior to their reported sexual debut. The HIV vaccine was considered against the 
comparator of HIV counselling and testing (HCT) and the national roll-out of antiretroviral therapy 
(ART) that constituted the standard of care in South Africa. The HPV vaccine was modelled as 
prevention against HPV-related cervical cancer and pre-cancerous HPV-related cervical states. 
The health service provider (provider) perspective was adopted and the cohort was modelled 
through a lifetime horizon of 70 years with annual cycles. The economic costs and health outcomes 
were discounted at 3% with an uncertainty range between 0% and 6% assessed. Cost valuations 
were for 2012 and costs were adjusted to this common year. 
 
The quality-adjusted life year (QALY) was used as the outcome measure of health related quality 
of life and was used to calculate the incremental cost-effectiveness ratio (ICER) of the comparator 
against the vaccination interventions. The core model was a semi-Markov simulation with annual 
cycles. The study population entered the model HIV and HPV disease free and were exposed to 
the risk of acquiring each disease annually. The model structure was parameterised drawing from 
South African data available in the literature. One-way sensitivity analyses evaluated the impact 
of single assumptions on cost and outcomes. Probabilistic sensitivity analysis (PSA) with a 
bootstrapping technique explored the uncertainty in the model and evaluated the robustness of the 
x 
 
results. The PSA data generated determined if the intervention fell below the willingness-to-pay 
(WTP) threshold. As South Africa does not have a pre-defined WTP threshold, the Gross Domestic 
Product (GDP) per capita (for 2012) was used as a proxy in accordance with the World Health 
Organization’s Guide to Cost-Effective Analysis. Additionally, benchmark interventions were 
used in the final comparison study as a measure of cost-effectiveness. Ethical approval for the 
study was obtained from the Human Research Ethics Committee (Medical) of the University of 
the Witwatersrand. 
 
Findings  
 
The second study explored the implementation of the HIV vaccine on an individual and national, 
programmatic level. The simultaneous implementation of HIV vaccination services with current 
HIV management programmes would be cost-effective, even at relatively higher vaccine cost. At 
base vaccine cost of US$ 12, the ICER was US$ 43 per QALY gained, with improved ICER values 
yielded at lower vaccine costs. The ICER was sensitive to the duration of vaccine-mediated 
protection and to variations in the vaccine efficacy. Data from this work demonstrate that vaccines 
offering longer duration of protection and at lower cost would result in improved ICER values. 
 
Assessing this HIV vaccine model on a national programmatic level, yielded an ICER of US$ 5 
per life-year gained (LYG) (95% CI US$ 3-12) compared with the comparator. This fell 
considerably below the national WTP threshold of cost-effectiveness. This also translated to an 
11% increase in per capita costs from US$ 80 to US$ 89. National implementation of this 
intervention could potentially result in an estimated cumulative gain of 24 million years of life 
(95% CI 8–34 million years) among those adolescents aged between 10-19 years that were 
vaccinated. The 10 year absolute risk reduction projected by HIV vaccine implementation was 
0.42% for HIV incidence and 0.41% for HIV mortality. The ICER was sensitive to the HIV vaccine 
efficacy, coverage and vaccine pricing in the sensitivity analysis.  
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The third study assessed the impact of dual HIV and HPV implementation strategies. Programmes 
that involved the dual vaccine strategy were assessed as cost-saving. ICER values were sensitive 
to the HIV vaccine cost. The dual vaccine strategy resulted in 10 year absolute risk reductions in 
HIV incidence (5.24%), dual mortality (1.21%) and a reduction in HPV incidence (0.39%) 
compared with no vaccination. Importantly, the reduction in HIV incidence rate and dual mortality 
rate in the dual vaccine strategy exceeded the reductions noted with the use of the HIV vaccine 
alone. All scenarios assessed with the dual vaccine strategy were cost-effective. Lower vaccine 
prices and reduced discount rates were associated with improved ICER outcomes. The final study 
compared the biomedical interventions of oral pre-exposure prophylaxis (PrEP), voluntary 
medical male circumcision (VMMC) and the scaling-up of ART coverage against the vaccine 
strategies. When compared with other biomedical HIV prevention interventions, the dual 
vaccination intervention was the most cost-effective strategy (US$ 7 per QALY gained) and 
averted 29% of new HIV infections. VMMC (US$ 30 per QALY gained) proved more cost-
effective than HIV vaccination alone (US$ 93 per QALY gained), though VMMC averted 6% 
more new infections than the HIV vaccine. PrEP interventions were the least cost-effective. 
Combined dual vaccination and VMMC strategies represent the only dominant intervention. 
Strategies involving oral PrEP were the least cost-effective. 
 
Conclusion  
 
The findings of this thesis have implications for school-based adolescent health care and HIV- and 
HPV-related disease prevention among adolescents, a highly susceptible population. The cost-
effectiveness of the dual HIV and HPV vaccine strategy was demonstrated, and the improved 
health outcomes associated with the interventions quantified. Proposals were suggested regarding 
possible combinations of HIV prevention interventions that could yield the favourable health 
outcomes with the most efficient use of financial resources. Several important areas for future 
research were identified to shed light on improving adolescent health care and for optimising HIV 
prevention strategies. These include integrating HIV and HPV services as part of the re-
engineering of primary health care in South Africa, and then formulating economic evaluations of 
HIV/HPV prevention strategies targeting adolescents specifically. Further, more effective methods 
of collecting data on socially marginalised populations such as young people need to be explored. 
xii 
 
Another vital research area is the discussion and implementation of existing school health 
documents with the ideals embodied in the school health programme envisaged under the National 
Health Insurance restructuring. Once these are integrated, the cost implication of the combined 
programmes need to be assessed. 
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GLOSSARY OF TERMS 
 
Adolescent: The period in human growth and development that occurs after childhood and 
before adulthood, from ages 10 to 19 [as defined by the United Nations Population Fund 
(UNFPA) along with the World Health Organization (WHO) and United Nations Children’s 
Fund (UNICEF)]. It represents a critical transition period that has been marked in recent times 
by earlier onset of puberty, later age of marriage, urbanization, global communication, and 
changing sexual attitudes and behaviours. The UNFPA breaks this age category down further 
by classifying early adolescence for the ages 10-14 years and late adolescence for the ages 15-
19.  
Bootstrapping: Bootstrapping is a re-sampling procedure that employs raw computing power 
to estimate an empirical sampling distribution for the statistic of interest. The bootstrap method 
randomly selects samples from the original data set with replacements. The process is repeated 
a large number of times and can generate a confidence interval for cost-effectiveness analyses. 
Child-headed households: This is usually defined as a household where all members are 
younger than 18 years of age. The phenomenon has grown rapidly in sub-Saharan Africa, 
particularly in countries afflicted by HIV/AIDS.  
Consequences: Represent the changes occurring in an individuals’ health (positive or negative) 
and includes all the effects of the health programme not accounted for by the resources. 
Consumption: The final purchase for use of goods or services by individuals (consumers).  
Cost-effective: When an intervention is effective or productive in relation to its cost. 
Cost-effectiveness analysis: A type of economic analysis in which the incremental costs of an 
intervention are compared to the incremental outcomes of the intervention expressed in physical 
units such as diseases averted, lives saved or quality-adjusted life years gained. 
Consumer price index: Measures changes in the price level of a market basket of consumer 
goods and services purchased by households.  
xxvii 
 
Decision analysis: Refers to a systematic, quantitative and interactive approach to addressing 
and evaluating important choices confronted by organisations in the private and public sector. 
Disability-adjusted life year: The disability-adjusted life year (DALY) is a measure of overall 
disease burden, expressed as the number of years lost due to ill-health, disability or early death. 
Discounting: Discounting is a method used to account for individuals’ time preference. Most 
individuals have a positive rate of time preference whereby benefits are preferred sooner rather 
than later and costs incurred later rather than sooner. 
Dominant intervention: An intervention is assumed to ‘dominate’ the comparator if it is 
cheaper and more effective than the comparator. 
Economic evaluation: This is the process of systematic identification, measurement and 
valuation of the inputs and outcomes of two alternative activities, and the subsequent 
comparative analysis of these assessing both the costs and consequences. The purpose 
of economic evaluation is to identify the best course of action, based on the evidence available. 
Externality: Cost or benefit that does not fall on the person producing or consuming a good. 
Gross domestic product per capita: Refers to the gross domestic product (GDP) divided by 
midyear population. The GDP is the sum of the gross value added by all resident producers in 
the economy plus any product taxes and minus any subsidies not included in the value of the 
products.  
GDP deflator: A measure of price inflation/deflation with respect to a specific base year; 
the GDP deflator of the base year itself is equal to 100. 
Health care costs: Refer to the tangible resources of the health care system including staffing, 
equipment and buildings and consumables like drugs. 
Health economics: The study of how scarce resources are allocated among alternative uses for 
the care of sickness and the promotion, maintenance, and improvement of health, including the 
study of how health care and health-related services, their costs and benefits, and health itself 
are distributed among individuals and groups in society. 
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Heterogeneity: The variability between patients that can be attributed to characteristics of those 
patients (e.g. difference in mortality rates between males and females).  
High-grade squamous intraepithelial lesion: Indicates moderate or severe cervical 
intraepithelial neoplasia or carcinoma in situ. The lesions may lead to invasive cervical cancer, 
if not managed appropriately. 
HPV treatment: In the context of this thesis, HPV treatment refers to the health care 
administered to either prevent (screening via PAP smear) or treat HPV-associated lesions 
(including cancerous lesions) that may occur in the cervix.   
 Screening costs include the Pap smear costs as well as the clinic related costs (e.g. human 
resources and laboratory costing).  
 Patients with low grade lesions do not receive any treatment unless the lesion persists at a 
Month 12 visit. 
 Costs for high-grade lesions consist of colposcopy and biopsy costs as well as the clinic 
related costs (e.g. human resources and laboratory costs).  
 Cancer treatment costs included the cost of surgery and chemo-radiation. 
 All costs were inflation adjusted for the year 2012.  
 
Incremental cost-effectiveness ratio:  The ratio is a statistic used in cost-effectiveness analysis 
to summarise the cost-effectiveness of a health care intervention. It is obtained by dividing the 
difference between the costs of the two interventions by the difference in the outcomes, i.e. the 
extra cost per extra unit of effect. 
Life-table: A table of statistics relating to life expectancy and mortality for a given category of 
people. 
Life expectancy: The average period that a person may expect to live. 
Low-grade squamous intraepithelial lesion: Indicates possible cervical dysplasia. It usually 
indicates mild dysplasia, more than likely caused by a human papillomavirus infection.  
xxix 
 
Markov assumption: Refers to the ‘memoryless’ feature of the Markov model. Once a patient 
moves from one state to another, the Markov model has ‘no memory’ regarding where the 
patient has come from or the timing of that transition. 
Markov chain: (Markov model) A stochastic model describing a sequence of possible events 
in which the probability of each event depends only on the state attained in the previous event.  
Microbicides: These are compounds formulated as gels, films, or suppositories that can kill or 
neutralize viruses and bacteria. Researchers are studying both vaginal and rectal microbicides to 
determine if they are able to prevent the sexual transmission of HIV, thus preventing new 
infections.  
National Health Insurance: This is a legally enforced scheme of health insurance that insures 
a national population against the costs of health care. Commonly referred to as NHI, the system 
will ensure equal access to appropriate, efficient and quality health services. In South Africa, it 
will be phased-in over a period of 14 years and will entail major changes in the service delivery 
structures, administrative and management systems. 
Pap smear: A Papanicolaou (Pap) smear is a microscopic examination of cells taken from the 
uterine cervix. A Pap smear can detect certain viral infections such as human papillomavirus, 
which is known to cause cervical cancer. 
Primary health care: Refers to essential health care and is the first level of contact individuals, 
families and communities have with the health care system. It is a basic level of health care that 
includes programmes directed at the promotion of health, early diagnosis of disease or disability, 
and prevention of disease.  
Pre-exposure Prophylaxis: This is a method of HIV prevention where people who are HIV-
negative (but are at high risk of acquiring the disease) take a pill every day to prevent acquiring 
HIV infection.  
 
 
xxx 
 
Quality-adjusted life year: A measure of health outcome that assigns to each health state a 
weight ranging from 0 (equivalent to death) to 1 (perfect health) corresponding to the health-
related quality-of-life of that health state. These values are then aggregated across all the relevant 
health states. 
Quintile: A system of ranking and funding schools which takes into account the socio-economic 
circumstances of learners. The intended objective is to ensure that public funding is skewed in 
favour of the poorest learners. 
Relative risk: Measures the magnitude of an association between an exposed and non-exposed 
group. It describes the likelihood of developing disease in an exposed group compared to a non-
exposed group. 
Semi-Markov process: A semi-Markov model involves the adding of tunnel states into a 
Markov model as a means of implementing time-dependency, and therefore adding memory.  
Sensitivity-analysis: A process through which the robustness of an economic model is assessed 
by examining the changes in results of the analysis when key variables are varied over a specified 
range. It represents a means of representing uncertainty in the results of economic evaluations. 
The four main types of sensitivity analysis are: one-way simple sensitivity analysis, multiway 
simple sensitivity analysis, threshold sensitivity analysis and probabilistic sensitivity analysis. 
Social rate of time preference: The rate at which society values present over future 
consumption. 
Time-tradeoff: Method of eliciting the value that individuals place on a health state by asking 
them their preference between a shorter time spent in perfect health, and a longer time spent in 
a health state.  
Treatment as prevention: HIV prevention methods that use antiretroviral treatment to decrease 
the risk of HIV transmission. The antiretroviral treatment reduces the HIV viral load in the 
blood, semen, vaginal fluid and rectal fluid to very low levels (‘undetectable’), reducing an 
individual’s risk of onwards HIV transmission.  
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Uncertainty: Parameter uncertainty: The uncertainty in estimation of the parameter of interest. 
Structural uncertainty: The assumptions inherent in the decision model. 
Utility: A measure of the 'satisfaction' (benefit) obtained from consuming goods and services. 
Variability: Random variability in outcomes between identical patients. Also referred to as 
first-order uncertainty.  
Willingness-to-pay: The process in which individuals are asked the maximum they are willing 
to pay, in monetary terms, to achieve a given benefit of an intervention/service. 
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CHAPTER 1 
 
INTRODUCTION 
 
 
1. INTRODUCTION 
 
‘The roots of a dysfunctional health system and the collision of the epidemics of communicable 
and non-communicable diseases in South Africa can be found in policies from periods of the 
country's history, from colonial subjugation, apartheid dispossession, to the post-apartheid 
period. Racial and gender discrimination, the migrant labour system, the destruction of family life, 
vast income inequalities, and extreme violence have all formed part of South Africa's troubled 
past, and all have inexorably affected health and health services’ (1).  
 
When Apartheid ended in 1994, the South African plan for an integrated and comprehensive health 
system was undone by the two-tiered system of public and private health care (based largely on 
social class) that replaced it - a system that perpetuated the health inequalities of the past (2). The 
National Health Insurance (NHI) policy represents a bold, ambitious plan that seeks to transform 
health care provision and delivery in South Africa through the improved management and 
administration of a comprehensive package of services entrenched in the principles of primary 
health care (PHC) (3).     
 
While the NHI aims to address the inequalities of the past through widespread social reform,  South 
African society still remains marked by gross inequities spanning class, gender and racial lines (4). 
These social and political factors intricately weave with behavioural patterns to determine the 
course of disease in the country.  
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2. THE DIMENSIONS OF DISEASE 
 
2.1 HIV AND POVERTY 
 
South Africa currently faces a quadruple burden of disease in the form of communicable diseases 
(human immunodeficiency virus (HIV)/acquired immunodeficiency syndrome (AIDS) and 
tuberculosis in particular); as well as maternal and child mortality, non-communicable diseases 
(NCD) and violent injuries (5). Most governments tend to justify their constrained health resources 
by the apparent endless demands placed on it; demands that they believe would likely never be 
satisfied (6).   
 
With the largest epidemic in the world, the consequences of HIV in South Africa extend far beyond 
its disease burden. It is widely acknowledged that poverty in Africa is a critical factor implicated 
in HIV/AIDS transmission and in doing so worsens the toll of the poverty (7). In fact, patterns of 
AIDS-related infection and mortality in South Africa still reflect social cleavages and inequalities 
(4), but the role of poverty remains poorly understood (8). There is an empirical link between 
higher HIV rates among the poor and the poverty-related characteristics of low education and low 
knowledge levels of methods of avoiding HIV infection. Tladi (2006) suggests the situation among 
the poor and less educated is exacerbated by the inability to negotiate condom use either due to 
personal financial dependence on a partner or as a result of the household they belong to 
experiencing hunger (and thus household dependence on their partner) (8). Mufune (2015) argues 
that there are several dimensions in which poverty is manifested in South Africa describing it as a 
‘complex, multi-dimensional concept that relates to inequalities, material deprivation, and 
exclusion’; all of which must be accounted for in relation to HIV/AIDS (7). In the South African 
context, factors such as labour migration, religion and the country’s historical legacy are still 
relevant considerations (9). The relationship between HIV/AIDS and poverty can be described as 
both synergistic and symmetrical when considering the impact on household functioning. Adults 
chronically ill with HIV/AIDS can exert untenable pressure on households already struggling to 
survive. It is often the poorer households that are the most drastically compromised and vulnerable 
to the long-term impact of HIV/AIDS (10). South African studies suggest that AIDS-associated 
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illness may be more prevalent in rural rather than urban populations; often attributed to the great 
distances to clinics and health care service provision and poor public transport systems (9).   
 
Further studies in South African highlight the disproportionate burden of HIV disease and HIV 
fear among the poor and vulnerable South Africans; who are further disadvantaged by poor access 
to HIV information and HIV/AIDS services (11). Even with HIV prevention information, 
education, and counselling initiatives reaching the poor, the stark reality of their lives makes this 
messaging intangible (12). Often circumstances dictate that recommended behaviours are not 
adopted simply because there are no resources or incentives to do so (12).  The emergence of HIV 
in South Africa reflects that of the developing countries of sub-Saharan Africa (SSA). The pattern 
emerging is of a heterosexual epidemic, characterised by high rates of infection in the general 
population with women particularly susceptible to infection (4). Of concern is the fact that it is 
young women in particular that become infected (4), both underpinning their predicament and 
highlighting the need to prioritize them for prevention efforts 
 
2.2 CERVICAL CANCER AND POVERTY 
 
Similarly, poverty-related issues such as poor education, unemployment and subsequent low socio-
economic status, rural residence and inadequate access to health care are all implicated in cervical 
cancer-related mortality (13-15). Where cervical screening practices are available, it is frequently 
marred by poor infrastructure and inadequately trained staff such that estimates suggest that 
approximately five percent of women in developing countries have been screened for cervical 
dysplasia in the preceding five years; compared with 40% to 50% of women in developed countries 
(16, 17).  
 
In developing countries, most women attending clinic for services such as family planning and 
sexually transmitted infection (STI) treatment tend to be younger which is important as this places 
them at high risk for developing cervical cancer (18). Women often acquire the human 
papillomavirus (HPV) infection in their teenage years or in their twenties, followed by a period of 
dormancy of up to 20 years before the HPV infection manifests (19). The majority of HPV 
infections are transient in nature and are cleared spontaneously by the immune system. The 
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persistence of infection is a risk factor for the development of pre-invasive lesions and invasive 
cervical carcinoma (20). Women with cancer face an entirely different social dimension to their 
disease. Their need to access treatment for their personal health crisis is exceeded by the primary 
responsibilities they have to attend to their families (21). A similar situation prevails when a mother 
dies from HIV/AIDS; particularly in SSA where many households are headed by women (22). In 
countries with extreme poverty, the death of a mother has catastrophic consequences for her 
children (21).     
 
It thus becomes imperative to understand that the factors that allow the cervical cancer disease 
burden to grow are not purely biological.  
 
Several studies have consistently demonstrated that misinformation and poor knowledge of 
cervical cancer and screening practices remain significant hurdles to adherence to screening 
practices (23-29). Women struggle to differentiate between screening and diagnostic tests and 
often believe that Papanicolaou (Pap) smears are performed to investigate reproductive health 
problems like vaginal bleeding (23, 26).  Often women reporting low adherence to screening are 
not consulted by health care providers that speak their first language, hence the breakdown in 
communication regarding the need for the cervical screening procedure (23, 25, 30). Cultural 
beliefs and practices present another barrier to cervical screening, as it impacts on decision-making 
(23, 31, 32). The decision to access treatment may require the input of the whole family, and if the 
decision is made that the treatment does not comply with her cultural practices, she may be 
prevented from accessing any further treatment (33). Women have also reported the attitudes of 
health care providers as insensitive and discourteous as an additional deterrent to being screened 
for cervical disease (24, 28, 30).  In fact, their interaction in general with their service providers 
has been shown to influence their adherence to screening (24, 26, 28, 30).  Not surprisingly, the 
fear and anxiety surrounding the potential pain and fear of a cancer diagnosis prevents women 
from screening (23-25, 27, 30, 34-36).  Loss of privacy and embarrassment at having to expose 
their genitalia is also frequently cited as a barrier to screening (30, 34, 35).  The last reason cited 
resonates universally with access to health care, particularly in South Africa. Knowing that the 
clinics present long waiting periods, lengthy travelling (often at great cost) and inconvenient 
operating hours present an additional deterrent to screening (23, 25, 30). 
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3. DECIPHERING THE LINK BETWEEN HIV AND HPV 
 
3.1 THE MEDICAL LINK 
 
What is the relevance of considering these diseases together? HIV and HPV disease are known to 
share risk factors (37). Although the risk of acquiring HIV and HPV infection differ slightly (only 
HPV can be transmitted by non-penetrative sex), both are transmitted via sexual contact (including 
vaginal, anal, and oral penetrative sex), while HPV may also be transmitted via non penetrative 
sex (38). HIV transmission and acquisition is enhanced in the presence of HPV  (39, 40) suggesting 
a potential reduction in HIV risk should an effective HPV preventive strategy be implemented 
(37). The prevalence of HPV has been found to be higher among HIV-positive populations rather 
than their HIV-negative counterparts (41) with data from Brazil (42) and Zambia (43) establishing 
higher HPV co-infection rates among HIV-positive women at 60.6% and 80% respectively. 
Additionally, it has been shown that women previously infected with HPV may have an increased 
likelihood of becoming infected with HIV (44). Conversely, HIV-positive individuals are at 
substantial risk of being infected with HPV (often with multiple strains) attributable to their 
weakened immune status (45, 46). This translates to a subsequent increased risk of cervical cancer 
in women and penile and anal cancers in males. HIV-positive females are at higher risk of 
persistent HPV infections should their HIV infection progress to significant immune suppression 
(47, 48) are more likely to experience treatment failures related to their HPV pre-cancers (49), 
have more reported disease recurrences (50) and progress more frequently and quickly from the 
early stages of infection to precancerous stages of disease (51-53) than HIV-negative females. 
Invasive cervical cancer has been regarded as an AIDS defining condition since 1993 (54, 55).  
 
Studies linking HIV/AIDS and cancer registries Data on 499 230 individuals diagnosed with AIDS 
from 1980 till 2004 were linked with cancer registries in 15 USA regions and demonstrate a 
considerable increase in the incidence of invasive cervical cancer among HIV-positive females 
compared with those that are HIV-negative (53). Further, lower CD4 counts have been correlated 
with more aggressive forms of HPV disease (56, 57), and while CD4 counts for most individuals 
on ART tend to rebound to normal levels, ART does not appear to limit the progression or severity 
of HPV-related cervical, anal, or oral cancers (58, 59). Studies from sub-Saharan Africa 
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demonstrate that HR-HPV occurs commonly among HIV infected heterosexual men (60). The 
presence of HIV infection enhances HR-HPV acquisition and reduces clearance of the virus (61, 
62). Among males, circumcision has been conclusively shown to reduce the incidence of HIV in 
men, and indirectly in women (63-65). Additionally, the circumcision of HIV-negative men 
reduces their risk of acquiring HPV (66), reduces the incidence of penile cancer (67), and limits 
HPV transmission to female partners (68). Importantly, the circumcision of HIV-positive men does 
not appear to reduce HPV transmission (69).  
 
It thus becomes imperative that outreach programmes targeting the prevention of HIV and HPV 
should reach young men prior to their sexual debut (70, 71). The World Health Organization 
(WHO) is currently revising its recommendations for cervical cancer screening and treatment 
among HIV-positive women or women of unknown status, and emphasizing the importance of 
offering HIV testing and counselling for women coming to a clinic for cervical cancer screening 
and vice versa. Thus the provision of a sexual and reproductive health (SRH) platform with the 
integration of HIV and HPV disease prevention education represents a logical continuum of care 
(41). 
 
HPV currently has limited treatments available; thus greater priority is given to vaccine 
introduction among populations noted for their higher prevalence of HIV; notably SSA. Most 
studies account for the impact of HIV disease on HPV prevalence and cancer incidence in 
developed countries with low HIV prevalence. It becomes important that models in developing 
countries account for higher HIV prevalence rates and the fact that HIV-positive women are more 
vulnerable to developing of cervical cancer (61). Modelling data dating as far back as 1996 have 
demonstrated the potential reduction in endemic HIV prevalence attributable to low efficacy HIV 
vaccines, although these were estimated at high coverage rates (72). With that in mind, a partially 
efficacious HIV vaccine administered at high coverage rates in combination with a highly immu-
nogenic HPV vaccine could herald significant reductions in both disease burdens. 
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3.2 INTEGRATING SERVICES  
 
Efforts to strengthen health systems to addressing the global burden of HPV-related cancers with 
prevention (affordable vaccines and appropriate diagnostic screening tests) and treatment 
(particularly among those living with HIV) in resource limited settings (73) will likely benefit 
from the strides made in universal access to HIV prevention, treatment, and care services, and 
conversely. The argument that HPV screening, pre-cancer treatment, and advanced cancer 
therapies are prohibitively expensive in LMICs is negated by the global improved access achieved 
in HIV prevention and treatment (74, 75).  A systematic literature review was undertaken to 
identify formal and informal evaluations of HPV vaccine use in low- and middle-income countries 
paying specific attention to the demonstration projects conducted in India, Peru, Uganda, and 
Vietnam. The key lessons of intensive planning and coordination of services across all sectors 
while being sensitive to the need for information and communication channels among youth, 
parents, and communities underscored the findings and held huge potential for adapting these 
services to provide accelerated adolescent HIV services (76). Parents, young adolescents, 
community members and key informants interviewed in the North West and Gauteng Provinces 
were in favour of integrated adolescent health care provision and showed particular preference for 
detailed information about the HPV vaccine, general health information and specific sexual and 
reproductive health information.  
 
HPV-related cancers are preventable. Apart from prevention strategies (vaccination), behaviour 
change strategies reducing the risk of viral exposure is required. As with HIV prevention, effective 
HPV prevention raises concerns regarding adolescent sexuality causing parental queries and 
anxiety (77). Steps assessing existing HIV-related stigma, stigma related to dual HIV and other 
sexually transmitted infections, or even stigma related to cancer will go a long way to improving 
the quality of life, access to screening and testing services, and vaccine implementation (78). Apart 
from HIV-related stigma, the condemnation of pre-marital and adolescent sex (especially for girls) 
by many cultures tends to steer girls away from accessing such health services. Given the 
predilection for disease HIV and HPV share, evidence-based screening and treatment guidelines 
become imperative (79).  Thus women seeking HIV testing should be advised to test for HIV and 
reciprocally, a woman seeking cervical cancer screening, she should be advised on HIV testing 
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and counselling, especially if she resides in a country with a high documented HIV prevalence 
(80).  
 
Evidence from developed countries points to the HPV vaccine platform being a useful springboard 
to deliver other needed adolescent health care services, particularly through school-based 
vaccination programmes (81). Evidence from these countries also suggests that adolescents use 
scheduled HPV vaccination visits to address their other health care requirements (82, 83).  
Challenges in reaching adolescents through traditional health care services and high levels of 
school enrolment suggest that school-based HPV vaccination would potentially be the most 
effective delivery strategy (84).    
 
3.3 GLOBAL MODELS OF INTEGRATED SERVICES  
 
Since the introduction of the HPV vaccines on the market, there have been several initiatives aimed 
at strengthening cervical cancer prevention and control programmes and linking HIV with cervical 
cancer screening and control. The Pink Ribbon Red Ribbon public–private global health 
partnership (including UNAIDS and PEPFAR) has supported the integration of HIV and cervical 
and breast cancer screening and treatment using HIV-delivery platforms in Zambia, Botswana, 
Kenya, Tanzania, and Rwanda.  
 
Successful integration models have been developed. In West Bengal (India), the integration of 
SRH services with VCT has translated increased access to both services without having financially 
detrimental effects (85). A similar model in 2 Kenyan districts showed that integration was 
acceptable and feasible, that counselling on family planning showed improvement, condom 
promotion was deemed more effective and the incremental costs due to integration were 
considered affordable (86). A retrospective cross sectional data from a regional hospital in 
Cameroon where women accessed a voluntary screening campaign for cervical cancer found that 
HIV-infected women receiving HAART have a lower risk of cancer than women in the general 
population. While this may seem counter-intuitive, the finding was not attributable to ART alone 
but rather to all the health benefits derived from receiving a comprehensive HIV care (87). 
However, school health interventions in Tanzania have met with limited success. The programmes 
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were delivered vertically and struggled with financial, human resource and logistic constraints 
which was exacerbated by limited community engagement, rumours, and lack of strategic 
advocacy has affected uptake of some interventions (88).  
 
To expand access to rural populations, WHO and health systems experts increasingly advocate 
linking treatment with follow-up, screening for cervical cancers in primary health care (89), and 
strengthening primary healthcare-based health systems (90). 
 
4. TARGETING ADOLESCENTS 
 
In developing countries, adolescent SRH is a cause for major concern. Why is this concerning? 
Why are adolescents being targeted? Adolescents are engaging in an alarming amount of 
unprotected sex as evidenced by close to 50% of the 20 million new STIs that are reported in the 
United States of America (USA) annually occurring among adolescents aged 15-24 years of age 
(91).  While STIs are for the most part treatable, it is the repercussions of them not being treated 
that are concerning – particularly the risk of acquiring and transmitting HIV or HPV infection, 
infertility or death (92-94).  The HIV statistics for young people are sobering. Close to 7000 young 
people are infected daily, and close to 50% of those infected before age 25 will die an AIDS-
related death before 35 years of age (93). The cervical cancer-related HPV statistics are no kinder 
with many young people acquiring infections in their youth with little or no recourse to medical 
care later in life. Yet despite their vulnerability, adolescents continue to encounter endless barriers 
when trying to access health care with concerns expressed from lack of privacy and confidentiality 
to judgmental staff and clinic standards of poor quality (95, 96).   
 
The South African context mirrors that of the developing countries. In most cases, the development 
of other STIs occurs before the development of HIV (93). Nearly 25% of new HIV infections 
reported in South Africa occur among the youth (97). Data continues to show that women remain 
more susceptible to HIV infection than men (97, 98). Most young South Africans report an early 
sexual debut with 15% of girls and 26% of boys reporting their sexual debut before 14 years of 
age (99).  It is not surprising from this that 33% of young girls aged between 15–19 years and 59% 
of those between 20–24 years have reported a pregnancy, most of which were unplanned and 
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unwanted (98). The problem persists. Young people in South Africa are known to have limited 
knowledge regarding SRH (in particular concerning pregnancy and, STIs) (100) and tend to avoid 
public health services due to the reported barriers of staff attitudes, operating times of the clinic, 
confidentiality concerns and embarrassment and simply put, a poor understanding of their 
diagnosis (101).   
 
The National Adolescent Sexual and Reproductive Health and Rights Framework Strategy (2015) 
acknowledges the crisis that exists among the South African youth and hopes to build on the 
Programme of Action of the International Conference on Population and Development (ICPD) in 
Cairo (1994) which called for the promotion of “responsible and healthy reproductive and sexual 
behaviour among adolescents and the youth to reduce the incidence of high risk teenage 
pregnancies, abortion and sexually transmitted diseases, including HIV/AIDS, through the 
provision of life skills, sexuality and gender sensitivity education, user-friendly health service and 
opportunities for engaging in social and community life”(102, 103).  
 
The key issues raised in the framework strategy included higher levels of sexual activity amongst 
young male adolescents (particularly among those younger than 16 years of age), multiple 
concurrent sexual partners with increasing trends of intergenerational sexual relations, poor uptake 
of condom use resulting in high levels of HIV/AIDS and STIs and importantly; vulnerability and 
sexual violence arising from their social context of poverty and the disruption of the family unit 
(102).   
 
The dire need for dynamic SRH services for adolescents is not being debated. The question is 
whether we can take the service to them? 
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5. MODELLING HIV AND HPV DISEASE 
 
Infectious disease modelling has long been the domain of mathematicians. With greater emphasis 
being placed on implementing interventions that cost effective, health economic modelling has 
come to the fore. The problem is that many developing countries often lack the expertise and 
technical capacity to perform and interpret the results generated from the economic appraisals of 
interventions, including vaccines (104). Mathematical models provide a useful framework by 
which cost-effectiveness of new interventions may be defined. These combined models allow for 
data integration from various sources and can potentially predict the future impact of emerging 
innovations (105). There have been an impressive number of modelling exercises undertaken in 
the HIV and HPV field. The list is exhaustive, but a select few are highlighted to demonstrate the 
scope of the work conducted.  
 
5.1 HIV MODELS 
 
Given the magnitude of the global HIV epidemic, there has been significant increases in research 
and commitment to prevention strategies. It is not surprising that there are concerns emerging 
regarding the cost and cost-effectiveness of potential HIV cure strategies (106). By illustrating the 
cost-effectiveness of HIV strategies, simulation models can be vital in highlighting the value of 
pursuing specific research strategies and informing trial design (105, 107). Considering HIV 
vaccines specifically, Hankins et al. concluded that while mathematical models were able to 
estimate the population-level impact of partially efficacious vaccination strategies on HIV 
incidence in different settings, they can produce conflicting outcomes when the methods, 
assumptions and parameters varied (108). Understandably, mathematical models cannot be 
parameterized to every potential scenario nor applied to every conceivable HIV prevention 
programme but can be used to refine and validate simpler decision-making tools (109, 110). 
Regarding the HIV vaccine, the consistent findings suggest that a modestly efficacious vaccine 
applied in a population at low risk of heterosexual HIV exposure could have tangible population-
wide benefits (108).  
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Several theoretical mathematical models were independently developed to elucidate the role that 
the HIV vaccine would play in the epidemic. Examples of these include Massad et al. who 
considered the implementation of an imperfect vaccine and the impact behavioural disinhibition 
would have on health outcomes (111), Nowak and Maclean explored the antigenic drift and the 
immunogenicity of a potential HIV vaccine (112) and Blower et al. presented a mathematical 
model for an imperfect pre-exposure vaccine with therapeutic effects (113).  
 
The Futures Institute and IAVI have developed a HIV vaccine computer simulation module as part 
of the Spectrum Policy Modeling System to explore the impact and costs of other HIV prevention 
and treatment interventions (114). The model, easily accessed by national governments, was 
intended to explore the potential impact of HIV vaccines on their specific country epidemic by 
applying relevant demographic, epidemiological, and vaccine uptake data (115). This has allowed 
for global tracking of the intervention as well as in specific countries such as Brazil  (116), Kenya 
(117) and Uganda (118). The strength of the Spectrum HIV vaccine model lies in the fact that it 
assesses three anticipated modes of vaccine actions, and most of the necessary data inputs can be 
ascertained from epidemiological surveillance data, national surveys, and behavioural surveillance 
surveys. A further strength of the model is that the future projections can be tailored to incorporate 
scenarios that explore the impact of vaccines alongside expanded prevention programmes, 
increased ART use models and technologies such as PrEP and microbicides. The model is limited 
by limited mixing between risk groups and the limited movement of people in and out of risk group 
over the course of their lifetime  (119).  
 
In South Africa, the ASSA 2002 vaccine model was developed by adapting the ASSA 2002 AIDS 
and demographic model to allow for the effect of vaccination. Vaccination scenarios with full 
protection, partial protection and no protection were considered and vaccines were administered 
in 3 doses providing 10 year of protection. The model was limited by its inability to account for 
revaccination and by the simplistic assumptions underlying it: the vaccine was free, it would be 
delivered through the current system with no scale-up of services and the utilisation of health 
facilities remained the same.  Concerns regarding behavioural disinhibition were raised. 
Unsurprisingly, deaths averted and numbers of infections averted increased with increasing 
vaccine efficacy. The model described a short term benefit in vaccinating individuals in 
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adolescence rather than in childhood. Further, the model demonstrated that a vaccine reducing 
susceptibility by 95% was still unlikely to reduce the total number of new infections by more than 
50%; mostly because of those unwilling to be vaccinated or those who failed to complete the 
vaccine course (120). More recently, Smith et al. used a deterministic compartmental model of 
heterosexual HIV transmission in South Africa to determine the costs and effects of scale-up of 
existing interventions but also the introduction of new interventions such as a vaccine (121).   
 
5.2 HPV MODELS 
 
HPV infection has attracted a wide array of mathematical and economic modelling. Several 
mathematical models of HPV transmission have been published. Elbasha et al. assessed the 
epidemiologic consequences and cost-effectiveness of alternative strategies of administering a 
prophylactic quadrivalent HPV vaccine as part of screening practices in the USA using a dynamic 
transmission model. Their work showed that vaccinating girls before the age of 12 years would 
prove cost-effective and would reduce the incidence of genital warts (83%) and cervical cancer 
(78%) (122). Barnabas et al. developed a transmission model of HPV estimating the transmission 
probability of the virus, changes in patterns of sexual behaviour and smoking on age-specific 
trends in cancer incidence, and to determine the impact of HPV vaccination in the Finnish 
population. Their findings showed that changes in sexual behaviour and smoking accounted, in 
part, for the increase seen in cervical cancer incidence in women between 35 to 39 years old. 
Further, they found that high vaccine coverage of women alone, sustained over many decades, 
with a long duration of vaccine-conferred protection would have the greatest impact on type-
specific cancer incidence (123). A similar study in Finland showed that vaccinating 12 year olds 
delays the predicted decrease in cervical cancer, compared to vaccinating older adolescents or 
young adults (124). Dynamic models of HPV transmission were developed to describe the 
infection spread and development of cervical neoplasia, cervical cancer (squamous cell and 
adenocarcinoma) and anogenital warts in the United Kingdom. Results suggest that vaccinating 
12-year-old girls at 80% coverage will translate to a 38–82% reduction in cervical cancer incidence 
and 44–100% reduction in anogenital warts incidence if the vaccine programme were to endure 
for 60 years with vaccine protection lasting 20 years on average (125).  
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However model development is based on assumptions and degrees of uncertainty. Van de Velde 
developed a cohort model of HPV vaccination designed to measure parameter uncertainty. This 
work showed that vaccinating 12 year old girls would reduce their lifetime risk of HPV infection, 
CIN 1, CIN 2/3 and squamous cell carcinoma by 21%, 24%, 49% and 61% respectively. The 
uncertainty around these predictions widen as the vaccine efficacy is reduced or as the vaccine 
protection wanes (126).   
 
Much research has been conducted in HPV vaccine economic evaluation. Jit and Demarteau 
compared six HPV vaccination models representative of low-income and middle-income countries 
viz. (i) the Harvard model (127), (ii) the WHO-CHOICE ('CHOosing Interventions that are Cost 
Effective') model (128), (iii) the Thai model (129), (iv) the South African model (130), (v) the 
Merck model (122) and (vi) the GlaxoSmithKline (GSK) model (131). The analysis was intended 
to compare model predictions before and after vaccination of adolescent girls in terms of HPV 
prevalence and cervical cancer incidence, as was the incremental cost-effectiveness ratio of 
vaccination under different scenarios. The comparison demonstrated large decreases in type 16/18 
HPV prevalence and cervical cancer incidence, likely due to vaccination. Cost-effectiveness was 
greatly influenced by the discount rate, duration of vaccine protection, vaccine price and HPV 
prevalence. The work emphasized the usefulness of considering results from several models (104).  
 
Natunen et al. conducted a systematic review specifically assessing HPV vaccine cost-
effectiveness in low-and middle income countries (132).  Sixteen studies were identified from 25 
countries from Europe, Africa, Latin America, and Asia. The review concluded that HPV 
vaccination alone or in combination with screening strategies was cost-effective in countries with 
high cervical cancer incidence and moderate to low GDP per capita (132). The affordability of the 
vaccination programme was a crucial element in determining the success of cervical cancer 
prevention by country. Most models considered the natural history of HPV infection and efficacy 
of HPV vaccination strategies and included parameters of basic cost, screening assumptions and 
some sensitivity analyses (133-136).  
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5.3 DUAL DISEASE MODELS 
 
Modelling of dual infections has remained the domain of the mathematicians. Much work has been 
concentrated on diseases that are known to occur together commonly. HIV and malaria is 
particularly relevant. Mukandavire et al. used a deterministic model to demonstrate the co-
interaction of HIV and malaria in a community. Their work demonstrated that the reduction in 
sexual activity of individuals with malaria symptoms decreases the number of new cases of HIV 
and the mixed HIV-malaria infection but increased the number of malaria cases. Additionally, 
HIV-induced increase in susceptibility to malaria infection showed a marked increase in the 
number of dual HIV-malaria infection (137). Barley et al. explored another perspective of HIV-
Malaria co-infection suggesting that biological differences could alter the effect of co-infection. 
Their model used a system of differential equations linking the host-vector system of malaria with 
co-infection with HIV and showed very high mortality associated with co-infection. The 
simulations also showed that the HIV-induced increase in susceptibility to malaria infection 
increases the number of new cases of the dual HIV-malaria infection (138). Nyabadza et al. 
developed a mathematical model of 13 interlinked equations that examined the role of malaria 
and/or HIV treatment in altering populations’ dynamics. Reproductive numbers were then 
evaluated from the sub-models developed. Finally, sensitivity analyses were conducted to 
determine the impact of selected parameters on the dynamics of malaria (139).  
 
Malaria was also considered in the context of typhoid fever and lymphatic filariasis. With 
lymphatic filariasis, Slater mathematically emphasized the perils of targeting one infection (and 
ignoring co-epidemics) when designing control programmes. The study additionally highlighted 
the need for better data on how co-infection impacts hosts and vectors for better predictions on co-
transmission dynamics. The modelling framework developed explored key immunological 
interactions in co-infected hosts (140). Malaria and typhoid remain a major public health problem 
in developing tropical countries. The Mutua et al. mathematical model represents a novel approach 
to describing the malaria-typhoid co-infection dynamics. Using illustrative data from Kenya, the 
model was applied to demonstrate that the con-infection basic reproduction number can be reduced 
to below one, thus eradicating both diseases through prevention programmes targeting the co-
epidemics (141).  
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Another prominent co-infection epidemic is HIV-TB. Mathematical modelling of joint dynamics 
is formidable as the diseases are distinct, there is considerable overlap in the populations at risk of 
either infection and the magnitude of the proportion of individuals at risk for both diseases is 
unquantified. Using a highly simplified deterministic model, Roeger et al. demonstrated that the 
increased progression rate from latent to active TB among those co-infected played a significant 
role in the rising prevalence of TB (142). Silva et al. proposed a co-infection model that 
additionally considered ART for HIV infection and treatments for latent and active tuberculosis. 
The HIV-only and TB-only sub-models were analysed separately, and then as a joint full model. 
The models computed basic reproduction numbers, and equilibria and stability were assessed 
(143). Mathematical models by Shah et al. applied differential equations to understand the 
dynamics of disease spread till steady state conditions were derived (144). Similar to the Shah 
model, Bolarin et al. studied co-infection models that demonstrated stable disease free equilibrium 
states and stable endemic equilibrium (145). HIV models were also considered in light of other 
diseases including Hepatitis C (146).  
  
Modelling HIV in conjunction with HPV is a relatively new endeavour. There are a few studies in 
the literature but they are limited in their application. Xiao et al. developed one of the few models 
assessing HIV and HPV disease. Their study evaluated the cost-effectiveness of a 2-dose schedule 
HPV vaccination programme of HPV of HIV-negative and HIV- positive 12-year-old girls 
independently in two separate models in South Africa. A previously developed Markov cohort 
model was used and showed the HPV vaccination to be dominant over screening alone. Targeting 
the HIV-positive sub-population alone remained cost-effective but at a higher incremental cost-
effectiveness ratio (147). While the model assessment was novel, it assessed the HIV-negative and 
HIV-positive populations in silos and didn’t allow for meaningful comparisons in a population 
where both HIV statuses co-exist. The only other HIV-HPV con-infection model identified was at 
molecular level. In unpublished work, Erwin sought to address the effect of HIV on HPV 
pathogenesis using a mathematical model that captured the known interactions such as decreased 
HPV-specific cytotoxic T cells and increased HPV viral production. The model aimed to predict 
the biological conditions under which coinfected individuals can clear HPV and addressed the 
clinical implications of ART use in co-infected individuals compared with previous clinical 
observations (148).  
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From the above discussion, it is clear that despite the endemicity of HIV-HPV in certain regions 
and the synergism described between HIB and HPV, there is a dearth of modelling work 
encompassing both diseases in the literature. The model developed for the purposes of this thesis 
is thus considered novel and will not only lay the foundation for future research and modelling 
initiatives, but will also contribute to health planning and decision-making in South Africa.  
 
6. PROBLEM STATEMENT 
 
It is acknowledged that people younger than 25 years of age constitute half the world’s population 
and their differing health needs from adults’ warrants specific attention (149). The SRH concerns 
among adolescents have emerged as an area of global concern resulting in a paradigm shift in the 
provision of health care to adolescents. Despite the knowledge of reproductive functions and 
sexuality being poor among adolescents in South Africa, the majority commence their sexual 
activity early in their mid-teens with an estimated national average of 15 years for girls and 14 
years for boys (150). It is further documented that many South African adolescents engage in 
sexual risk-taking behaviours including early sexual debut, concurrent partners and  unprotected 
sexual acts that considerably increase their vulnerability to STIs such an HIV and HPV (92, 151, 
152).  The provision of school-based health services by national government was announced in 
2010, and progress has been slow (153). Another significant shortcoming of the programme is that 
it targets quintiles one and two only, and thus leaves a large sector of the adolescent population 
uncovered (153). Public clinic services remain largely inaccessible to adolescents for reasons 
ranging from operating hours, overlapping school times to unfriendly, judgemental staff that limit 
open discussion about sexual matters (95, 151). In summary, adolescents are acknowledged to 
have early sexual debut, poor understanding of reproductive health and safe sexual practices, report 
high incidence of HIV and HPV disease and have poor access to health care; particularly since the 
school health services remain largely underdeveloped.  
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7. JUSTIFICATION OF THE RESEARCH 
 
South Africa has the highest reported rate of HPV-related cervical cancer incidence and mortality 
globally, and much of the disease burden is acquired in adolescence (92). To exacerbate the 
situation, young women aged 15-24 years of age comprise approximately 25% of the annual HIV 
incidence reported nationally (152). It is in understanding the widely acknowledged synergy 
between these two diseases that adolescent health care requires specialised services.  
 
In recognising the unique health needs of adolescents in South Africa, the national government 
has already pin-pointed school health services as a strategic arm of PHC re-engineering (154). The 
aim of this body of work is to elaborate on restructuring of adolescent health care by introducing 
the HIV and HPV vaccine concomitantly in South Africa via the school-based SRH services. The 
major contribution of this PhD is to evaluate the cost and cost-effectiveness of introducing the HIV 
vaccine alone and then in combination with the HPV vaccine. By specifically targeting a group 
acknowledged to be highly susceptible to these infections, we are able to ascertain what impact 
the intervention could have on disease burden and financially compared to the current strategies 
that are employed.    
 
The HPV vaccine is currently available on government tender and is being rolled-out at quintile 
one and two schools. This PhD work models the HPV vaccine being delivered to all eligible 
candidates and thus may more accurately predict the long-term impact of a national roll-out 
programme. The HIV vaccine is being clinically evaluated in Phase I clinical trials in six clinical 
trial sites in South Africa and the vaccine is earmarked for critical Phase IIb/III trials in South 
Africa in 2016 in a study designated HIV Vaccine Trial Network 702 (HVTN 702). Once the HIV 
vaccine becomes commercially available, it would be important to identify a point of entry into 
the health system. The premise of the PhD is that both vaccines would be delivered via the 
Expanded Programme of Immunisation (EPI) which has been established in South Africa since 
1995. The EPI, introduced by the World Health Organization (WHO) in 1974, aimed at vaccinating 
all children below the age of one year against six killer diseases (155). The South African EPI has 
evolved with scientific advancement, most recently with the addition of the rotavirus and 
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pneumococcal vaccines (156). The current programme reaches children till the age of 12 years 
when the fourth (school-going) dose of tetanus toxoid is administered (155).   
 
During the research and development of the PhD, significant gaps in the literature became 
apparent. Most of this information pertained to HIV treatment allocations and patterns of testing 
for HPV disease. This information is considered fundamental to health service planning and budget 
projections going forward. This PhD assessed proxy values for these parameters (obtained from 
the literature) into the models developed. The work undertaken by this PhD sought to tie in these 
various concepts by evaluating the administration of both vaccines to adolescents as part of school 
health services.  
 
8. CONCEPTUAL FRAMEWORK: THE PUBLIC HEALTH PERSPECTIVE  
 
The development of this conceptual framework (Figure 1) and the integration of the factors 
associated with adolescent SRH were influenced by two major reports from the WHO viz. the 
World Health Report 2000 (Health Systems: Improving Performance) (157) and the WHO health 
system’s framework (158).   
 
Health sector reform (Addressing issues of equity)* 
Cassels defined health sector reform as ‘sustained, purposeful changes to improve the efficiency, 
equity, and effectiveness of the health sector’ (159). The model begins at national level where 
health sector reform is introduced to improve the architecture of South African health care by 
proposing equitable access to health care through re-engineering and re-establishing PHC as the 
bedrock principle of the health care system (3, 160). By adopting the PHC approach, the 
government adopted the underpinning values of universal access, equity, participation and 
intersectoral collaboration (158). The WHO then divided the national health system into discrete 
building blocks that serve distinct functions (158). While the issue of a health workforce and 
human resources in general remains a crucial component of health care nationally and 
internationally, it was not considered unique to adolescent health care and was not discussed 
further.  
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Governance (Youth access to health services)* 
Ensuring effective governance has become a public heath priority that is crucial to the success of 
broader health objectives (161). Engaging civil society in policy development demonstrates the 
strength of society as a partner to government and also highlights the ability of the government to 
address the concerns of society (162). In this context, the Departments of Basic Education and 
Health have endeavoured to strengthen health services at schools through the Integrated School 
Health Programme (ISHP). The policy focuses on addressing the immediate health concerns of 
learners (particularly those that constitute a barrier to learning) in addition to the implementation 
of interventions that promote the health and well-being of learners during childhood and into 
adulthood (153).   
 
Financing 
Access to essential health care and financial protection remain a priority of low- and middle- 
income countries (LMICs) (163). Access to health care in these settings may be subject to cultural 
and language barriers and transport costs, making the prospect of universal coverage difficult (164, 
165). It is in situations such as these that issues such as policy development; and financial and 
economic evaluation of interventions become crucial.  
 
Health information (Generation of health data)* 
Health information systems are vital to understanding the linkage between the health reforms and 
the health system. However, the timeliness, accuracy and indeed availability of data in LMIC 
remains challenging mostly due to inadequately trained staff and poor infrastructure (166). A key 
feature of this work is to identify gaps present in the South African literature that impact effective 
health planning.  
 
Medicine and technologies 
‘A well-functioning health system ensures equitable access to essential medical products, vaccines, 
and technologies of assured quality, safety, efficacy and cost-effectiveness, and their scientifically 
sound and cost-effective use’ emphasizes the need for effective supply chain management (158). 
As the demand grows for improved drugs, vaccines and diagnostics, the procurement capacity of 
the government has to be responsive (163). Supplying an intervention like a vaccine to the entire 
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population may be considered altruistic but is largely financially prohibitive. The priority then 
becomes to identify the populations that would benefit most from these interventions. Once 
identified, it is the imperative of the government to ensure the availability, distribution and 
continued access to the intervention.  
 
Health service delivery (School health services to adolescents)* 
The purpose of any health system is to provide accessible, equitable and responsive health service 
delivery (158). The delivery of health services hinges on the availability of health facilities, health 
care workers, adequate diagnostics, appropriate pharmaceuticals and a responsive community. 
Strengthening health systems impacts positively on access and uptake of services (167) which in 
turn improves equity in health service access (168). The delivery of quality health services remains 
an important outcome measure of health reforms and health systems (163).   
 
Health outcomes (Impact on HIV/HPV disease burden)* 
The logical translation of health sector reform and strengthening and ongoing evaluation of health 
service delivery is the improvement in health outcomes. This is assessed as comparative 
improvements in disease burden and reduction in disease-associated mortality.  
 
*The headings marked within parentheses represent the key areas of discussion and are extensively 
elaborated on in Chapter 9.  
 
9.  AIM & OBJECTIVES 
 
9.1 AIM 
 
The aim of this PhD is to estimate the impact of HPV and HIV dual vaccination preventive 
strategies on the HIV and HPV disease burden when administered to school-going adolescents as 
part of the school health programme envisaged under the PHC re-engineering model. 
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9.2 OBJECTIVES 
 
The objective of this body of work was to quantitatively: 
 
Objective 1: Explore the cost-effectiveness and long-term health outcomes of HIV vaccination on 
HIV-associated infection and disease mortality.  
 
Objective 2: Explore the cost-effectiveness and long-term health outcomes of dual HIV and HPV 
vaccination on HIV- and HPV-associated infection and combined disease mortality.  
 
Objective 3: Evaluate the health impact of the dual vaccine strategy compared with other 
biomedical HIV prevention strategies in terms of infection and disease-associated mortality. 
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Figure 1. Conceptual framework adapted to adolescent health care 
The figure shows the interaction between the health sector reforms envisioned and the country’s health system and highlights the concepts discussed in the 
literature review.
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10. OVERVIEW OF THE THESIS 
 
Chapter 1 has defined the four important targets of this PhD (viz. adolescents, their health care, 
their predilection for HIV and HPV disease and the potential impact of the vaccines). The 
justification for this body of work is presented and the components of the PhD detailed. The 
conceptual framework within which this PhD can be understood is explained.  
 
Chapter 2 presents the epidemiology of HIV and HPV disease in South Africa. It outlines the 
programmes and the prevention strategies that are in place. The chapter draws on the literature to 
explain why adolescents are a key population to prioritise in disease prevention attempts going 
forward. Several concepts from Chapter 2 have been published as a review in Future Virology 
(2014) (169).  
 
Chapter 3 provides a background to health economics and economic evaluation, contextualising 
the work that follows. It provides the theory and rationale of the concepts adopted in the 
methodology of the study.  
 
Chapter 4 describes the methodology of the papers. It details the procedures of the cost-
effectiveness analysis (CEA), model life-table analysis and the cost and disease reduction 
consequences between the intervention and comparator models. My role is described in the project 
management section.  
 
The results of the thesis are embodied in four journal articles and each article is presented as a 
separate chapter.  
 
Chapters 5 and 6 explored HIV vaccination of adolescents at school. Chapter 5 looked at the cost-
effectiveness and the sensitivity analysis of the vaccine characteristics using Markov models. 
Chapter 5 has been published in Medicine (2016) (170). Chapter 6 assessed the national 
programmatic projections of the vaccine intervention looking at the financial implications, changes 
in life expectancy and cost and disease consequences of the programme using life-table analysis. 
Chapter 6 has been published in BMC Public Health (2016) (171).  
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Chapter 7 examines the dual implementation of the HIV and HPV vaccine to school-going girls.   
The study assessed the health impact, cost and cost-effectiveness of three separate scenarios on 
both HIV and HPV disease: (1) HIV vaccination; (2) HPV vaccination and (3) dual HIV and HPV 
vaccination. Chapter 7 is currently under review at Cost-Effectiveness and Resource Allocation.   
 
Chapter 8 compares the dual HIV and HPV vaccine strategy to the biomedical HIV prevention 
strategies of voluntary medical male circumcision (VMMC) and pre-exposure prophylaxis (PrEP). 
Subsequently, these results are compared to the scaling-up of antiretroviral therapy (ART). 
Chapter 8 is currently under review at PLoS ONE.  
 
Chapter 9 discusses the findings of this PhD in relation to the aims and objectives. The gaps in the 
literature are identified. Strategies regarding adolescent HIV/HPV care are explored and future 
areas of research suggested.  
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CHAPTER 2 
 
LITERATURE REVIEW 
 
 
1. INTRODUCTION  
 
This chapter provides the background for the PhD and presents an overview of how the factors 
discussed are intrinsically linked. The focus of this PhD is the South African adolescent and an 
understanding of their environment is crucial to understanding the motivations for their decisions. 
The disease burdens of HIV and HPV are explained biologically; and then by their social paradigm. 
Current treatment and prevention strategies adopted in South Africa are described, and the 
significance of vaccination in society explored. The chapter ends with a discussion on the global 
experiences of school-based health care and its potential application in the South African context.  
 
2. BEING AN ADOLESCENT IN POST-APARTHEID SOUTH AFRICA 
 
Adolescents constitute close to 25% of the world’s population with most residing in LMIC (84). 
The decisions made; and behaviours and interventions adopted during this period have 
ramifications for their morbidity and mortality that extend into their adulthood (172).   
 
Adolescents encounter specific health risks particularly regarding SRH (173). They constitute 11% 
of births and 14% of maternal deaths globally (95% of which occurs in developing countries), are 
vulnerable to unwanted pregnancies and subsequently unsafe abortions (174, 175) and are prone 
to HIV infection with limited access to SRH services. Approximately 68% of adolescents have 
unmet contraception needs (97, 174).  Young southern African adolescents disproportionately 
contribute close to 30% of all new HIV infections and females seroconvert five to seven years 
earlier than their male counterparts. This age-sex disparity in HIV acquisition maintains the 
unprecedented high incidence rates documented. The key to the incidence can be ascribed to 
adolescent engagement in age-disparate and often transactional relationships, limited schooling 
and gender-based violence that increases the chances of disease acquisition (176).  It is thus vitally 
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important to teach HIV prevention to these young women especially when they are unable to 
negotiate monogamy or condom use (176). It is in these circumstances that the development of a 
SRH platform becomes a public health imperative.  
 
Figure 2. Determinants of adolescent behaviour 
There are complex interactions of the factors influencing the social, sexual and health behaviours of 
adolescents. 
 
The basic needs of the South African adolescent extend far beyond the complexities of SRH 
(Figure 2).  Household food insecurity is rife with more than a fifth of households in Kwa-Zulu 
Natal reporting being food insecure in the last month (177). The persistently high prevalence of 
poverty in South Africa perpetuates the cycle of hunger, malnutrition and food insecurity that 
children must face (178). The physical effects of poor nutrition are far-reaching, potentially 
resulting in impaired motor and cognitive development and  impacting  learning abilities and thus  
educational achievement in the long-term (179). Poverty is inextricably linked to health and 
wellbeing and limits access to education, nutrition, health care services and safe environments 
(178). Despite government initiatives targeting hunger, malnutrition and food insecurity, 16% of 
children live in households where child hunger was reported (180).  Adolescents residing in these 
vulnerable environments report significantly higher risks of depression, traumatic stress, and 
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suicide (181). In South Africa, black adolescents have significantly greater stressors regarding 
school performance, school attendance, financial pressure and emerging adult responsibility 
than adolescents operating from different environments (182-184). Educational prospects are 
limited in many southern African countries. School retention and completion is hampered by 
limited educational facilities, poor school infrastructure, unfair re-entry policy for teenage girls 
who have dropped out of school due to pregnancy, poverty, absenteeism due to illness, gender-
based violence and sexual harassment by educators, or other learners. Drop-out rates are high as 
learners face a multitude of problems ranging from the cost of schooling, unplanned pregnancies, 
loss of parents and lack of safety when traveling to school, to children being withdrawn from 
attending school to save on school costs that can be redirected to care for sick family or to 
supplement household incomes (185).  
 
Many South African youth are exposed to multiple forms of violence and trauma, particularly 
young males (186). Domestic victimization has emerged as the strongest predictor of internalizing 
and externalizing difficulties, where the cumulative exposure often manifested as conduct 
disorders and aggression (186). The repeated witnessing of trauma further culminated in the 
development of post-traumatic stress disorder, mood and anxiety disorders and substance abuse 
(187). Finally, is it widely acknowledged that the youth face significant barriers in attempting to 
access care with low coverage levels attributed to stigma and discrimination fashioned at health 
system and policy level (188). What the adolescent population needs is a comprehensive, 
integrated service that focusses on the specific concerns of adolescent health, education and social 
needs.  
 
2.1 PEER PRESSURE AND SOCIAL BEHAVIOUR  
 
Adolescence has often been described as a period of ‘stress and storm’ characterised by physical 
maturation, the desire for independence and prominent peer and social pressures that are reflected 
in their patterns of behaviour (189).   
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Data from rural schools in South Africa have confirmed the high level of sexual activity among 
adolescents with 48% reporting having had sex before the age of 15 and 42% reporting penetrative 
sex with more than one partner in their lifetime. The peer influence of boys is widely recognised 
in promulgating risky sexual behaviours among adolescents (190). Pregnancy is thus common 
among adolescents in South Africa. In fact the belief that the adolescent female and her male 
partner considered each other their main partners increased the chances of either an unplanned or 
unwanted pregnancy, despite the fact few young women reported having a close relationship with 
their partners postpartum (191, 192). Higher socio-economic status was protective against 
unplanned, unwanted pregnancies (192).  Physical abuse and experiences of physical violence 
enhanced the potential for having unwanted pregnancies (192). Among girls, more so than boys, 
previously identified instances of sexual abuse, baseline school drop-out, and physical assault 
instigated in the community strongly predicted sexual abuse (193). Adolescent pregnancy is 
fraught with human capital deficits. Adolescent mothers are forced to drop-out of school and hence 
fall behind in schooling relative to other girls their age. Additionally, they are at high risk for HIV 
infection and mortality due to lower reported use of condoms and sexual partners significantly 
older than themselves (194, 195).  
 
Alcohol use and abuse remains a significant public health challenge globally, with South Africa 
being no exception. Apart from robbing adolescents of their normal development, alcohol is 
strongly associated with crime, unintentional accidents and violence. Alcohol use among 
adolescents is driven by age, gender, parental alcohol use and peer pressure (196). Alcohol 
consumption also adversely impacts on behaviours resulting in a disinhibiting effect increasing the 
likelihood of sexual risk-taking and disease transmission (197). Research conducted in Cape Town 
and Port Elizabeth assessing the relationship between sexual risk behaviour and hazardous alcohol 
use found a statistically significant association between excessive alcohol use and multiple 
concurrent partners, two or more partners and age-disparate sex in the last year (198).  To 
compound the problem, adolescents are implicated in the increased use of popular substances  such 
as like crystal methamphetamine (called ‘tik’ locally) and diacetyl morphine (heroin) (199), 
cannabis and in fact, substances in general (200). These substances have a demonstrated comorbid 
psychopathology component associated with its use (201).  
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The complexity of these inter-related factors culminate into especially high attempted and 
completed suicide attempts among adolescents nationally and internationally. Almost 20% of 
South African adolescents have attempted suicide, with forced sexual encounters, poor social 
support networks and previous attempts strongly implicated in suicidal ideation or attempts (202).  
 
2.2 EDUCATION AND EMPLOYMENT 
 
Despite large spending on education and free compulsory primary school education for children 
aged seven to fifteen (15) years, South Africa reports much worse educational performance than 
many other countries in the region (203).  The education of adolescents serves as an important 
indicator of employment and thus future economic development in a country (204). In the face of 
high levels of poverty in South Africa, a quality education is often compromised by the realities 
of life. On reaching adolescence, many children are expected to actively contribute in caring for 
their younger siblings and ill parents, share in household chores and generate an income (204).  
 
The school education of children is often characterized by poor attendance, absent or poorly 
qualified teachers, pregnancy and school-related violence and abuse (204). Classrooms are 
overcrowded and ill-equipped, teachers are poorly qualified (if at all), literacy and numeracy levels 
are low and despite large budgetary injections by the national government, the quality of education 
remains sub-standard particularly in townships schools (205). One method that the Department of 
Basic Education has devised to produce credible data on learner achievements has been the Annual 
National Assessments (ANA) targeting the literacy and numeracy development among grades one 
till six. The ANA has since been inconsistently implemented. In many cases, the South African 
government has failed its duties by its inability to provide library and laboratory facilities but also 
more crucial elements such as textbooks (206). The problems at schools are multi-faceted. Studies 
show that close to a fifth of teachers were absent on Mondays and Fridays, and almost a third were 
absent at the end of the month (207). The plight of education continues to fall on the underserved 
black schools where lack of discipline and focus by the teachers were largely to blame for poor 
scholastic outcomes (206). Sexual involvement of teachers with students is another shockingly 
regular occurrence especially when considering the already high rates of HIV disease reported 
among adolescents. Understandably, all sectors including parents and educators are concerned 
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about providing a safe physical and emotional environment for male and female learners. Parents 
have a fundamental responsibility to guide their children through school - a phenomenal task 
considering that many parents themselves have no formal schooling. Often parents work long 
hours and are unable to ensure the proper completion or supervision of work. Studies show that 
parents investing time in their children’s education correlated with better educational achievement 
among the children. Nonetheless, parents found to contribute to their child’s schooling through 
advocacy, involvement in fundraising and oversight roles made for better learner achievements 
(206).   
 
Violence in schools is another alarming issue. Sexual abuse, pregnancy and poverty are all 
implicated in the high drop-out rates reported in secondary schools (208). Gender-based violence 
threatens to undermine international and national efforts to ensure girls remain in school long 
enough to acquire the skills needed to succeed in life (209). Boys and girls are equally implicated 
as HIV infection, teenage pregnancy, substance abuse and other risky behaviours have a negative 
impact on the education of both genders. The Girls Education Movement was first introduced in 
Uganda in 2001, followed closely by South Africa in 2002 where the programme was run by peer 
leaders supported by the Department of Basic Education and the school management. The Girls 
and Boys Education Movement provided young people a platform to access skills and information, 
space for open discussion and a portal for community engagement to address the rights of boys 
and girls (210).  
 
2.3 SEXUAL EXPLORATION AND ‘SUGAR DADDIES’ 
 
Sexual exploration by adolescents in South Africa remains complicated by early sexual debut, 
multiple sexual partners, inconsistent or no condom use and poor sexual decision-making (often 
influenced by alcohol use) that sadly translates into unwanted pregnancies, high rates of STIs and 
HIV acquisition (211-213). In eThekwini (Kwa-Zulu Natal), the high prevalence and spread of 
HIV among the youth are exacerbated by the regular occurrence of inkwari (A Zulu word for raves 
or weekend-long parties). Inkwari are characterized by limited adult supervision, easily accessible 
drugs and alcohol and interactions with peers and potential sexual partners (214). Sexual behaviour 
among adolescents in South Africa is characterised by early sexual interaction, though the nature 
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of the sexual exposure varies. Early sexual debut, voluntary or coerced, increases the risks of SRH 
problems. Median ages of voluntary consent averaged 16 years for females and 15 years for males 
while reported coerced sexual debut included children younger than 11 years of age (215). Data 
emanating from a cohort of Eastern Cape adolescents confirmed the high risk of STIs and HIV 
acquisition and associated it with the practices of intimate partner violence (IPV) and concurrency 
(216). There are high reported rates of IPV among adolescents (217). Those struggling financially 
are particularly vulnerable. Almost 37% of ever partnered adolescents in Johannesburg reported 
episodes of IPV in the last year and instances of IPV were associated with substance abuse, poor 
mental health and poor SRH (218). Another perspective is that a young man’s perpetration of IPV 
is a significant predictor of subsequently fathering a pregnancy. ‘South African hegemonic 
masculinity’ rationalises the display of virility by men as they exert control over women and their 
subsequent reproductive rights (219). Forced sexual practices are emerging as a major concern as 
it is not only being perpetrated by adults.  Dating violence is another cause for concern given its 
strong link to risky sexual behaviours. Males were associated with high levels of dating violence 
victimisation and perpetration, targeting particularly females from lower socio-economic 
backgrounds (220). Young males also held positive views about forced sex as they believed it 
corresponded to a sign of love and considered it an appropriate way to satisfy sexual urges 
particularly if the girl was financially dependent on them. They had poor understanding of the legal 
repercussions of their actions (221).  
 
Transactional sex is acknowledged as a noteworthy contributor to the HIV epidemic among young 
South African women. Despite the severe health implications associated with transactional sex, 
most youth recognized it as a common phenomenon in their communities even though they 
understood the risks it entailed (222, 223). High risk sexual behaviour may take the form of age-
disparate intergenerational relationships, concurrency and unsafe sexual practices – all of which is 
rooted in South Africa’s daunting political past as well as matters of globalization and economics. 
Data from the townships in the Western Cape suggest that transactional sex affords poor, young 
women to the opportunity to access material items valued by young people the world over: trendy 
clothes and social inclusion (224). The context of the transactional sexual encounter is often 
associated with high risk sexual encounters, a laid back attitude towards HIV, and male domination 
(224). Often, the young women involved in these relationships do not perceive themselves as 
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victims however. While many choose this age-incongruent relationships to meet their subsistence 
needs of school fees and food, many young women who are better off financially adopt these 
relationships to secure luxuries like expensive handbags and glamorous lifestyles (225).   
 
2.4 SOCIO-ECONOMIC STATUS AND CHILD-HEADED HOUSEHOLDS 
  
The phenomenon of child-headed households (CHH) is complex. Commonly defined as a 
household where all members are younger than 18 years of age, the phenomenon of CHH has 
grown rapidly in SSA particularly in countries afflicted by HIV/AIDS (226).  In South Africa, the 
situation is not created by HIV/AIDS alone as emergent infections like drug-resistant tuberculosis, 
violence; motor vehicles accidents and migrant labour purport the same consequences (227).  The 
South African Children’s Act suggests that CHH be supported by an adult mentor that acts in their 
best interests, a practice that has been shown to add no value to the lives of these children (226). 
On the contrary, these children are placed at greater risk due to poor access to services, poverty 
and compromised finances compounded by feelings of unresolved grief and poor self-worth (228).   
CHH are unlikely to reside in formal dwellings and generally have poor access to water and 
sanitation, as they are disproportionately based in rural areas (229).  The challenges that CHH have 
to endure have far-reaching consequences including limited academic opportunities as a result of 
poverty, risk of sexual abuse perpetrated by relatives or neighbours; child prostitution and child 
labour; difficulties in obtaining birth registration which is vital for accessing health care and social 
security benefits and experiencing further loss should families or the communities take their land 
(230, 231).  
 
In fact, many of these children are left destitute by caring for their terminally ill HIV/AIDS affected 
parents who drain the family resources prior to death through hospitalisation and medication costs 
(227). Often the trauma and distress experienced by these children are so overwhelming that they 
adopt destructive behaviour to self and others such as substance abuse, lacking morality and being 
poorly disciplined (227). Ayieko describes how this constant exposure to financial hardships draws 
them into a world that increases their vulnerability to HIV, substance abuse, delinquency and child 
labour (232).   
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Poor housing is rife with shared bedrooms, inadequate space and unstable building structures 
(227). The head-child is often described as trying to sustain educational activities among the other 
children as he/she is unable to attend school due to household duties and responsibilities. Inability 
to pay school fees translates to no qualifications, skill or trade which further translates to poor 
employability, thus perpetuating the cycle of poverty.  
 
2.5 HOW THE ADOLESCENT UNDERSTANDS HEALTH CARE 
 
Several studies from Soweto have highlighted the sexual and reproductive plight of adolescents 
including high rates of unintended pregnancies, the need for medical abortions, antenatal care, and 
STI treatment (including HIV/AIDS) (233). All factors identified by the National Youth Policy as 
significant challenges (234). The poor health outcomes observed in this group is borne out of 
barriers encountered when trying to access health services, including contraceptive services that 
are legislated (235, 236). Recognised barriers include complaints of sub-optimal quality of health 
care, judgemental and critical staff, lack of confidentiality, inconvenient clinic operating hours 
(151, 233) and the absence of properly implemented school health promotion and health service 
activities that further limit access to care. It is known that adolescents prefer health services 
delivered separately from adult health services (237). While youth-friendly services have been 
envisioned in South Africa, the implementation has been slow. Although having services and space 
dedicated wholly and solely to adolescent health care may not be feasible, the provision of 
adolescent friendly services may prove more practicable in terms of staff training, attitudes and 
actions (238).   
 
3. HUMAN PAPPILOMAVIRUS ASSOCIATED DISEASE 
 
3.1 THE GLOBAL PERSPECTIVE OF HPV DISEASE 
   
As the most common STI globally, HPV will be acquired by most sexually active individuals at 
some point, irrespective of gender, living standards or levels of health care (239). HPV prevalence 
and age share an inversely proportional relationship with the highest rates documented among 
35 
 
young women. Globally, cervical cancer ranks as the third most common malignancy, with 
markedly increased prevalence and mortality in developing countries (239, 240). Women from 
SSA have much higher HPV infection rates (24%) than global estimates (11-12%), as a 
repercussion of multiple partners rather than as a consequence of disease progression. Though 
HPV prevalence has been shown to increase markedly with severity of cervical pathology 
(approximately 90% of women with cervical intraepithelial neoplasia 3 (CIN 3) and invasive 
cancer are HPV-positive) (239). South Africa carries a substantial burden of cervical cancer 
globally (age standardized incidence rate of ∼30.2 per 100 000) (92). However, HPV infection 
prevalence among young adult females from industrialised countries approximates 40-80% 
indicating that industrialized countries are not exempt from disease (61).  
 
From as early as 2006, the Program for Appropriate Technology in Health (PATH) introduced 
HPV demonstration projects in varying geographic areas including India, Peru and Uganda with 
donations from the vaccine manufacturers ensuring continued vaccine circulation in Rwanda and 
Bhutan (241). Innovative public–private partnerships such as the Pink Ribbon Red Ribbon 
initiative have built on established relief-based platforms in Africa and Latin America 
endeavouring to accelerate national implementation strategies thereby reducing cervical cancer 
mortality by 25% from 2012–2016 among women accessing the programme (242). Primary HPV 
prevention strategies in developing countries are subject to the challenges of competing health 
demands, poverty, poor educational structures, cultural influences, weakened health systems and 
financial resources (243). Studies in Ghana and Botswana have identified the role of educational 
programmes in addressing these barriers, potentially improving HPV vaccine uptake (244, 245).  
 
The South African National Guideline for Cervical Cancer Screening Programme proposed three 
Pap smears from age 30 at ten year intervals predicting a 64% reduction in cumulative incidence 
provided widespread coverage (approximately 70%) is achieved (246). HIV-infected women have 
cervical cytology performed at HIV diagnosis and annually thereafter (247). However, South 
Africa’s fragmented health system has struggled to deliver a sustainable cervical screening 
programme (17).  Kawonga and Fonn summarized the challenges faced in developing countries as 
a dire need for reliable screening methods; mechanisms to educate and attract women for 
screening; validated cytology laboratories; trained personnel to perform screening tests, read and 
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interpret smears; improved communication between service sites and laboratories; systems of 
follow-up and up-referral in the case of women with precursor lesions or invasive disease; facilities 
for diagnosis and treatment of pre-cancer and invasive cancer; mechanisms to recall women 
according to national screening schedules; and continuous monitoring and evaluation systems (17). 
Cervical cytology remains the gold standard of cervical cancer prevention in many countries with 
abnormal cytology being referred for colposcopy and treatment (248). Visual inspection with 
acetic acid (VIA) and HPV DNA testing have been considered in combination with cytology or as 
an adjunct to cytology. Although VIA has low reported sensitivity, it has been considered as a 
reasonable alternative to cytology in low-resource settings with poor infrastructure for laboratory-
based testing (249). HPV DNA sampling tested superior to VIA, but the cost remains prohibitive 
(248). Whichever methodology is eventually adopted remains moot, as the screening rates among 
South African women remain extremely low, and the follow-up post screening and access to 
treatment even lower (92, 250).   
 
3.2 ADOLESCENTS AND HPV  
 
Cervical cancer dominates the global burden of HPV-related disease (61). Available data for 
children aged nine to fourteen (14) years alludes to limited or no access to health care despite a 
high untreated disease burden (251). Adolescents and HPV remains a complicated situation – 
involving them in trials is perplexing considering the extended follow-up periods required to reach 
disease endpoints and the fact that they have to be vaccinated prior to sexual activity for a disease 
that potentially manifests mostly in women older than 45 years of age (252).  Understanding this 
complexity of the HPV pathogenicity represents the foundation for constructing models of vaccine 
testing strategies, immunisation policy and conceptualizing the health economic models for HPV 
control (61). Understandably, the best evidence would be gauged from adults vaccinated in 
adolescence though the immunogenicity profiles documented in adolescents have been 
encouraging to date (252). Based on this, the next step would be to develop cost–effectiveness and 
impact models evaluating the implementation of the vaccine. To date, ministries have often been 
unable to construct these models and have relied on data generated from neighbouring countries 
or generic literature-based models (253).   
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Childhood vaccines being nearly universal make an important case for clinical trials evaluating 
HPV vaccination at younger ages.  The scenario makes immunological sense as younger children 
generally develop more robust immune responses with more durable levels of protection (251). In 
South Africa, it may serve as a safeguard against HPV acquisition among young girls that are 
sexually abused (254). Adding a new vaccine to the existing immunisation schedule has 
infrastructural, logistical and cold chain systems implications with current systems needing to be 
optimized (240). Many have considered a school-based programme the optimal strategy for the 
HPV vaccine to reach young adolescent populations in developing and industrial worlds. The 
United Nations Children’s Fund (UNICEF) reports that 84% of children in developed countries 
attend primary school (84, 240). With 90% of South African children currently being primary 
school enrolled, the school-based health services is reinforced as a practicable option considering  
the challenges experienced by adolescents in accessing traditional health care (84, 240). In fact, 
HPV vaccination introduction studies in Rwandan schools boasted vaccine coverage of 96% 
among 11 year old school girls (84). Cooperation between the education and health departments 
is pivotal to such success. The South African reintroduction of the ISHP, based on WHO guide-
lines, makes provision for on-site services focusing on SRH from grades four till twelve (12) (84, 
153). The principle would be to provide comprehensive counselling encompassing diverse 
adolescent concerns from alcohol and drug use, smoking, diet, emotional issues as well as health 
concerns such as immunisation (240).   
 
Vaccine discovery leads to discussions on costing prevention and medical care within the confines 
of limited financial and human resources, implementing what should be theoretically plausible and 
societal norms regarding reproductive health (251). A prime focus of future modelling would be 
developing countries and effects of vaccination on screening programmes (253). Randomised 
controlled trials (RCTs) have clearly demonstrated the high public health value of HPV vaccine 
interventions. The focus now shifts to ensuring cost-efficient delivery to those most likely to 
benefit (252).  
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3.3 RELEVANT CLINICAL ASPECTS OF HPV DISEASE  
 
HPV is a necessary (but not solely sufficient) cause of cervical cancer (255). HPV is well adapted 
to infecting epithelia and is highly prevalent. It is primarily latent, subclinical and opportunistic 
for sporadic reproduction and transmission. HPV is generally in quasi-equilibrium with the host 
(251). Studies identify wide variation on transmission rates between heterosexual couples. Cervix 
to anus and anus to cervix autoinoculation among women occurs commonly – whether this serves 
as a long-term reservoir is unknown. Steady prevalence rates across all ages suggest that in men, 
unlike women, protection against reinfection does not occur. Males thus have an extremely high 
cumulative risk of HIV and their risk is associated with sexual behaviour (256). Factors 
determining infection clearance or persistence are unknown (61). Anal HPV commonly clears with 
few developing persistence; however HIV-positive status strongly influences the development of 
anal neoplasia (256). Reactivation of latent HPV infection has been reported among sexually 
inactive HIV-positive women (257, 258).  The protracted lag between peak HPV infection and 
cancer incidence (between 20–40 years) makes cervical cancer an appropriate target for screening 
and early detection. Cervical cancer is the end stage of unresolved HPV infection, the persistent 
presence of HPV DNA in repeated testing of cervical specimens (61).  
 
New infections appear at any age and are benign unless they persist. CIN 1 is a diagnosis based on 
histology that often spontaneously regresses and is associated with benign viral replication (259-
261). Studies in adolescents and young women show regression rates exceeding 90% (259-
262).  The biologic behaviour of CIN 2 is more controversial as it is considered pre-cancerous, 
and is commonly treated (263). The regression rates of CIN 2 in adult women range from 15-23% 
with more than 50% regressing within four to six years (261, 264, 265). CIN 3 is considered a true 
pre-cancer and has the potential to progress to invasive cancer at the rate of 0.2-4% within 12 
months (266). Among adolescents, CIN 1 and CIN 2 lesions are more likely to regress (263). 
However, HIV-infected women are more likely to have persistent infections, and have a reduced 
likelihood of regression of HPV-related cervical lesions (267-269).  
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The HPV-associated cervical disease stages applied in the model (Figure 3) are based on previous 
work conducted by Goldie in South Africa and on the 2001 Bethesda System used for reporting 
results of cervical cytology (270, 271). Most HPV infections are transient (263).  
 
Figure 3. Health states of HPV disease incorporated into the model 
Most low-grade lesions regress spontaneously. When HPV infection persists, there is a greater chance of 
disease progression. Model adapted from Goldie, 2001 (271) and Wright, 2003 (272)  
 
3.4 HPV VACCINE PREVENTION   
 
Two vaccines were licensed for prevention of cervical cancer in 2006: a quadrivalent (Gardasil®; 
Merck & Co, USA) and a bivalent (Cervarix®; GlaxoSmithKline, UK). Cervarix and Gardasil are 
both non-infectious subunit vaccines composed primarily of virus-like particles (VLP) that are 
completely non-infectious and non-oncogenic as they lack the viral DNA genome required for this 
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activity (252). The vaccines are considered safe and immunogenic (with efficacy exceeding 90% 
in the prevention of infections caused by oncogenic strains HPV 16 and HPV 18, which are 
postulated to cause 70% of cancer globally) (84, 252, 273). The quadrivalent provides additional 
protection against non-oncogenic strains HPV 6 and HPV 11 implicated in genital wart disease 
(61, 84). Data from the FUTURE I and FUTURE II placebo-controlled RCTs in women aged 16–
26 years demonstrated a per-protocol vaccine efficacy of 96% for CIN 1 and 99% for genital warts 
after an average of 42 months of follow-up (37). The vaccines displayed increased 
immunogenicity, extended duration of protection (approximately 8.4 years to date) and every 
indication is that there is a strong ability to induce memory (251, 252). Subsequent work published 
from the PApilloma TRIal against Cancer In young Adults (PATRICIA) showed vaccine efficacy 
against CIN 3 associated with HPV 16/18, as well as against adenocarcinoma in situ (274). The 
reduction in HPV 16/18 disease burden may not be apparent for decades (275), but promising data 
emanating from the USA and Australia have already demonstrated significant reductions in high-
grade cervical lesions (276, 277). Trial results demonstrate little geographic variation implying the 
global validity of the vaccines (61, 278). The reduction in genital wart incidence may be more 
noticeable as Gardasil offers protection exceeding 99% in both males and females (6, 30). The 
Australian programme has already demonstrated a significant decline in number of cases of 
anogenital warts, attributed in part to herd immunity (275).   
  
Going forward, the Global Alliance for Vaccines and Immunization (GAVI) has pledged support 
for HPV vaccine implementation in 56 of the poorest countries. UNICEF is instrumental in pro-
curing and delivering the vaccines in most GAVI eligible countries through technical partnerships 
with national ministries. South Africa, a middle-income country ineligible for GAVI assistance, 
has made huge strides in negotiating vaccine pricing with the manufacturers (240).  
 
3.5 THE ETHICAL HEALTH PERSPECTIVE OF HPV VACCINATION  
 
The major concern by parents that, given the sexual transmission of HPV, the vaccine would be 
misconstrued as an endorsement of premarital sex was dismissed as conjecture and invalidated by 
studies conducted in Peru, Uganda and Vietnam (240). Progress in societies hinges on the fact that 
HPV prevention and care does not unleash promiscuity but on the contrary, enhances the worth of 
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life and health. This however poses a dilemma for political leaders who appear to be challenging 
the autonomy of parents by advocating for sexual health interventions among adolescents and pre-
adolescents (251). The grave disjuncture between media and pop culture that glamorizes sexuality 
and the need for candid, open discussion about sexual health and impact of STIs needs to be 
explored further (251). Parents in the developing world displayed poor knowledge regarding HPV 
causing cancer, though they were aware of cervical cancer given its high prevalence. Studies show 
that parents knowledgeable about HPV were more likely to be accepting of the vaccine and thus 
allow for the immunisation of their girls. Conservative cultures remain reluctant to vaccinate 
adolescents, opting for vaccination prior to marriage. Research however shows that parents still 
believe their children engage in sexual activities which favour the need for early vaccination (240). 
Concerns raised by parents include effect on fertility, safety, effectiveness and accessibility   (240).  
 
Global health economic evidence calls for female-only immunisation in the developing world 
(240). Males, however, have a distinctly higher probability of HPV infection acquisition than 
females through increased sexual activity, decreasing ages of first sexual encounter and infrequent 
condom use (279). HPV-infected males serve as an important HPV reservoir contributing to higher 
transmission rates and maintenance of infection among females (280).  Massey and Durrheim have 
argued that the extension of HPV vaccine services to boys may not be the most sensible use of 
public resources (281).  Economic evaluation of the HPV programme does not support the addition 
of males as cost-effective in Australia or the USA (282, 283). Apart from the costs incurred, there 
have been limited gains in herd immunity from vaccinating males in populations with high 
coverage rates achieved among the female population (284). In the South African context, it may 
be more feasible and cost-effective to concentrate efforts on the female population where the 
reported incidence and mortality rates associated with cervical cancer are exceedingly high (92).   
 
4. HUMAN IMMUNODEFICIENCY VIRUS ASSOCIATED DISEASE 
 
4.1 THE GLOBAL PERSPECTIVE OF HIV DISEASE  
 
There has been an almost 20% reduction in HIV incidence reported globally, except among key 
populations in Eastern Europe and Central Asia (intravenous drug users) and Asia, America and 
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Africa (men having sex with men [MSM]) and persistent sexually transmitted epidemics among 
young women and girls in SSA (285). Youths in SSA aged 15-24 years face the highest risk of 
HIV acquisition with 0.8% of the 34 million people living with HIV globally belonging to this 
reproductive age group (286). This disproportionate concentration of the worldwide epidemic 
remains seated in Africa with female predominance (at least eight times higher than males) and 
highest rates reported among young women and adolescents  (285, 286).  
 
The South African HIV epidemic is well documented, generalized, driven by heterosexual 
transmission and estimated to account for 18% of the global HIV prevalence with adolescents 
particularly vulnerable to infection (287, 288). HIV prevalence among 15-19 year olds has steadily 
risen from 2% (1990s) to 14% currently with 21% of females and 5% of males acquiring HIV by 
24 years of age (285, 289). The course of the epidemic can only be changed by breaking the 
transmission cycle in females through exigent prevention strategies (285). Adolescent women in 
this setting are susceptible HIV acquisition, unplanned pregnancies and development of STIs 
(290). The implication of adult prevention measures applied to the youth remains unclear as they 
are behaviourally and socially different (291). There is much value to be added from early 
interventions as they serve to establish safer sexual practices these formative years. The 
stigmatization reported among South African youth accessing health care makes a school-based 
setting more relevant (289). In fact the decision to provide HIV counselling and testing (HCT) in 
secondary schools is a huge stride in improving access (292).  
 
The South African government had endeavoured to halve HIV incidence by 2014, with little 
success (293, 294) and has since expanded interventions to subdue the epidemic. The national 
HCT campaign launched in 2010 saw a 15% increase in numbers of people having HIV tests 
between 2008-2012 (295). Data from modelling studies estimate that the universal implementation 
of HCT among South Africans from the age of 15 years could result in a 1% HIV prevalence 
reduction over a 50 year period (296). Since 2010, prevention of mother to child transmission 
(PMTCT) of HIV services could be accessed from 98% of public health facilities and has triggered 
a decline in annual new infections from 56 500 (2009) to 29 100 (2011) (297). Further to this, 
South Africa also has the most established condom distribution programme globally in the world 
with 495 million condoms (male) distributed in 2010 alone (298). HIV and AIDS education has 
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become a core component of primary and high school curriculums through a Life Skills Education 
Programme. The dynamic programme was developed to support those children already living with 
HIV in addition to preventing new infections through education. Lastly, South Africa is home to 
the most expansive ART treatment programme in the world boasting a 75% increase in HIV 
treatment services between 2009 and 2011 (97, 299). The reality remains though that 58% of South 
Africans eligible for ART treatment still cannot access it (300). Despite these massive initiatives 
made by government to ease the HIV burden, South Africa accounted for 16% of the global HIV 
incidence rates reported in 2013 suggesting the need for an alternate strategy (300). Increasing the 
investment to scale-up ART delivery will prove challenging (301). These exorbitant, escalating 
costs underpin the potency of a HIV vaccine as a primary preventative strategy. Already, there 
have been noteworthy applications of HIV vaccines in those aged 15-29 years using mathematical 
modelling studies to assess feasibility, cost–effectiveness and overall impact on disease burden 
(296, 302-305).   
 
4.2 RELEVANT CLINICAL ASPECTS OF HIV DISEASE 
 
Primary HIV infection is characterized by transient symptomatic illness in 40-90% of individuals, 
associated with high levels of viral replication. HIV-specific immune response lacks efficacy 
during early stages of HIV spreading during primary infection (306). There is widespread 
dissemination of virus and a marked decrease in the numbers of CD4 T-cells in the peripheral 
blood during the early period following primary infection. The body mounts an immune response 
to the HIV, which causes a reduction in the viraemia, followed by a period of clinical latency 
(307). Antibodies are produced by the B-lymphocytes of the immune system. Receptors found on 
the surface of each circulating B-cell are unique, enabling an immune response to any foreign 
structure. B-cells meet an antigen (foreign entity) that matches its receptors and is stimulated to 
proliferate and secrete antibodies against the structure. B-cell genes frequently undergo somatic 
mutation (non-germline) to increase the affinity of the antibodies they produce. HIV antibodies 
are unusual in that they are highly somatically mutated which means they are different to those 
evaded by B-cells initially responding to infection (308). Infected individuals present with non-
specific symptoms of fever, fatigue, rash and lymphadenopathy. The symptomatic phase lasts two 
to four weeks in individuals with normal rate of disease progression, whereas severe and prolonged 
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symptoms are associated with rapid disease progression. Once chronic disease has been 
established, the course is determined by substantial influence of host (genetic and immunological) 
or virological factors. HIV-specific antibodies appear to have limited efficacy in control of virus 
replication during chronic infection (306). Some patients infected with HIV (10-30%) develop 
broadly neutralizing antibodies (bNAbs) late in natural infection (∼two to four years post-
infection) (308, 309). The CD4 T-cell counts decreases in the years that follow, till it reaches a 
critical level below which the risk of opportunistic infections remains high (307). The disease 
stages used in this PhD apply the clinical conditions or symptoms used in the WHO Clinical 
Staging of HIV/AIDS for Adults and Adolescents (Figure 4) (310).   
 
 
Figure 4. The course of HIV infection correlated with the WHO staging 
A generic representation of the relationship between HIV viral load and CD4 counts over the average of 
untreated HIV infection [Source: Pantaleo (307)]. The breakdown of the immune response is described as 
the HIV infection becomes more established. The relationship is correlated to the WHO clinical staging of 
HIV/AIDS [Source: Weinberg (310)].  
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4.3 SUCCESSES, NEAR-MISSES AND HOPES IN HIV PREVENTION 
 
Evidence-based HIV prevention strategies research has received global attention, and much has 
been achieved (Figure 5).  
 
   REFERENCES 
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  1987 Hopkins, D.  Public Health 
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 Condoms (M)  1996 Brody, S. NEJM  
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Figure 5. Summary of HIV prevention strategies by implementation stage 
PMTCT – Prevention of mother to child transmission, STI – sexually transmitted infection, HCT – HIV 
counselling and testing, PEP – post exposure prophylaxis, VMMC – voluntary medical male 
circumcision, PrEP – pre-exposure prophylaxis 
 
Prior At transmission Treatment 
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4.3.1 Antiretroviral prophylaxis 
 
Microbicides for women 
Microbicides are developed for vaginal or rectal use and hold great potential for HIV prevention, 
especially when among women experience difficulty negotiating condom use (311). Following 
several years of disappointing trial results (in clinical trials spanning the last 20 years, six candidate 
products have failed to show any effectiveness), the Centre for the AIDS Programme of Research 
in South Africa (CAPRISA) study 004 (CAPRISA 004) was able to provide the first proof of 
concept for microbicides (312). Assessing the safety and efficacy of a one percent vaginal gel 
formulation of Tenofovir (TDF), administered pericoitally in a Phase IIb proof of concept study, 
the study showed an approximately 39% reduction in HIV acquisition overall, and a 54% reduction 
among those women with high adherence (313). Adherence to the gel, however, became a 
contentious issue. Unfortunately, the results of MTN-003/VOICE, which investigated daily 
application of TDF gel and oral PrEP, further highlighted the role of adherence when all three 
VOICE arms were stopped prematurely for showing no effect (314). The TDF gel arm was stopped 
when it became evident that daily gel use was safe but not effective (315). Similar results were 
obtained in the remaining two study arms testing daily doses of TDF and TDF/FTC respectively 
(FTC is a drug called emtricitabine, and the combination of TDF/FTC is a drug called Truvada®) 
(315). While the CAPRISA 004 study provided the initial evidence for pericoital vaginal 
application of TDF, confirmatory  data was required to strengthen the application for licensure 
(314). The findings of the FACTS 001 study announced at the Conference on Retroviruses and 
Opportunistic Infections (CROI) in 2015 found the gel to be ineffective in preventing HIV 
acquisition, with adherence once again implicated (316).    
 
Oral pre-exposure prophylaxis 
PrEP is the use of a pharmacological agent to prevent infection prior to a potential HIV exposure 
(317). In 2010, the landmark iPrEx study demonstrated an encouraging 44% reduction in HIV 
incidence among MSM using daily doses of TDF. Data from this work forms the basis for the 
MSM ART chemoprophylaxis standard of care in South Africa (318). Baeten showed similar 
results in Kenya and Uganda (Partners PrEP study) working with serodiscordant heterosexual in 
2012 (319). Thigpen et al. validated the use of chemoprophylaxis for heterosexual transmission 
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among males and females in a study conducted in Botswana (TDF2 study) (320). The Bangkok 
Tenofovir Study Group demonstrated comparable findings among injection drug users in Thailand 
(321). However, PrEP efficacy remains limited by poor adherence (similar to microbicides). 
Futility as a result of poor adherence was also quoted as the reason for halting the FemPrEP study 
and the two arms of the VOICE trial. However, protection reaching 90% was conferred among 
those participants with high adherence (314, 322). A concern in the PrEP trials was that the poor 
adherence stemmed from the female participants who were younger and at high risk of HIV 
acquisition - the group mostly likely to be considered for the intervention (323). Several additional 
concerns, apart from adherence, have been raised including the accessibility and acceptability by 
those populations that are hardest to reach and at most risk and concerns around negative 
perceptions and stigmatization by both peers and health care providers (324). The bottom line is 
that PrEP can confer protection reaching 99%, the cost-effectiveness of which has to be weighed 
up against ART scale-up.  
 
Treatment for prevention 
Treatment as prevention (TasP) or combination ART stunts HIV replication and thus the infected 
partner’s use of ART serves to reduce HIV blood concentrations and genital secretions of HIV 
resulting in a reduced risk of sexual transmission of HIV to the uninfected partner (325). The 
Partners in Prevention HSV/HIV Transmission Study (which was conducted at 14 sites in seven 
African countries including South Africa) demonstrated 92% reduction in HIV-1 transmission risk 
following ART initiation among heterosexual couples, likely attributed to markedly reduced 
plasma HIV-1 levels (326). HPTN 052, a pivotal study conducted in 2011, was associated with a 
96% reduction in HIV transmission to the HIV-negative partner when ART was initiated early (in 
people with a CD4 T-cell count between 350-550 cells/mm3) in the HIV-positive partner of a 
serodiscordant couple (325). Based on the HPTN 052 findings, the WHO widely endorsed ART 
to all serodiscordant couples to reduce HIV transmission (327).  The concern remains issues of 
risk compensation due to decreased condom use and adherence with South African data indicating 
that only 64% of those initiated on ART between 2002-2007 were still on treatment three years 
later (328). The greater challenge in the South African HIV health care planning is justifying 
curtailing funds earmarked for scaling-up ART access in lieu HIV prevention efforts. This scenario 
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seems rather unlikely in a country with the highest global burden of HIV disease where 58% of 
those eligible for treatment are still unable to access it (300).   
 
4.3.2 Voluntary medical males circumcision 
Landmark studies in Rakai, Uganda and Orange Farm, South Africa have definitively proven that 
VMMC can reduce female to male sexual transmission of HIV by 60% (63, 65). These findings 
informed the WHO decision to launch the exceptional public health initiative in 2009 proposing 
80% coverage of voluntary, safe, culturally appropriate and affordable VMMC by 2016 (63). 
South Africa conducted 150 000 VMMCs by April 2011, averting one infection for every five 
procedures done in an attempt of observing the call from the WHO (329).  However, the services 
in South Africa have been limited as initially, the procedures could only be performed by doctors 
and the procedures were marred by inadequate health facilities and poor surgical care (330). The 
introduction of PrePex (an elastic ring device requiring no local anaesthetic that can be placed and 
removed by a mid-level health care worker) in South Africa since has proved promising and may 
hold the key to increasing the amount of VMMCs performed without impacting on the limited 
numbers of health care workers available (331). The value of VMMC is limited among key 
populations (i.e. MSM, injection drug users and commercial sex workers) but is marked in 
countries like South Africa that have high HIV prevalence rates, primarily as a result of sexual 
transmission. VMMC is considered a highly cost-effective intervention (332). It represents a once-
off procedure that can carry potentially lifelong health benefits, apart from the fact that there is 
convincing evidence supporting its role in preventing the acquisition of  new HIV infections (333).    
 
4.3.3 HIV vaccine development 
The development of a HIV vaccine presents a unique set of challenges to scientists. Recovery in 
humans has never been documented so there is no natural immune mechanism to attempt to mimic 
nor have any comparable successful animal models been developed. To compound the problem, 
HIV destroys the immune system – the actual system of cells required to mount a response to 
infection. Following an individual acquires HIV infection, the virus is assimilated into the human 
genome, relatively ‘protected’ from discovery. The tremendous genetic diversity of global 
circulating strains of HIV-1 has long been the bane of vaccine-mediated protection. To date only 
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five efficacy studies have evaluated four vaccine concepts, with only one showing promise (Table 
1). 
 
Table 1. Summary of HIV vaccine efficacy studies to date 
 
TRIAL CONCEPT POPULATION COUNTRY OUTCOME  REF 
VAX003 
Bivalent Env 
(gp120) protein 
Injection drug users Thailand No efficacy (334) 
VAX004 
Bivalent Env 
(gp120) protein 
MSM and high-risk women 
N. America 
Netherlands 
No efficacy (335) 
STEP  
(HVTN 502) 
Ad5 gag/ pol/ nef 
High-risk men and women 
including MSM having 
unprotected anal sex and 
high-risk heterosexuals 
Americas, 
Caribbean, 
Australia  
Non-efficacy 
in reaching 
end-points. 
Stopped in 
2007 
(336) 
Phambili 
(HVTN 503) 
Ad5 gag/ pol/ nef South Africa (337) 
HVTN 505 
DNA/Ad5 with 
multi-clade 
inserts ENV 
Men and transgender 
women who have sex with 
men  
USA No efficacy (338) 
RV 144 
ALVAC/ protein/ 
alum prime-boost 
Low risk men and women Thailand 
Estimated 
efficacy of 
31.2% 
(339) 
 
The STEP (Americas, Caribbean and Australia) and Phambili studies (South Africa) evaluated 
Merck’s Trivalent Ad5-HIV-1 gag/pol/nef vaccine in high-risk MSM and heterosexual men and 
women in Australia and South Africa (340, 341). The STEP study was terminated prematurely in 
2007 on the grounds of futility: the vaccine failed to prevent infection or impact on early viraemia 
(337, 342). The Ad5 vaccine vector has since been under scrutiny due to a non-significant trend 
for higher HIV-1 infections among vaccinees with pre-existing Ad5 specific neutralizing 
antibodies (336). To add to the HIV vaccine woes of the STEP study termination, Phambili was 
then suspended (340). Post hoc multivariate analyses of STEP participants showed an increased 
incidence of HIV among vaccinees that was largely accounted for by uncircumcised males and/or 
pre-existing Ad5-specific humoral immunity (337). The Phambili study did not prevent HIV-1 
infection (341), but alarmingly both STEP and Phambili may have increased the acquisition of 
HIV among vaccinees (343). The HVTN 505 study vaccinations were discontinued based on 
interim analysis indicating the regimen to neither be efficacious nor effective in reducing the set-
point viral load after infection (338).   
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The Thai Trial/RV144 evaluated four priming injections of recombinant canarypox vector vaccine 
(ALVAC–HIV[vCP
1521
]) plus two booster injections of recombinant glycoprotein 120 subunit 
vaccine (AIDSVAX B/E) (339). Canarypox prime-boost regimens induced humoral and cell-
mediated immunity, thus establishing the prime-boost concept as a candidate for further testing 
(339). The Thai Trial/RV144 offered 31% protection against HIV-1 acquisition showing antibody 
response and protection in a human trial, thereby revitalizing the quest for an antibody-based HIV 
vaccine (308, 339). The protection was moderate and transient and the decline in vaccine efficacy 
from 60% (year 1) to 31% (year 3.5) raised the question of boosters (339). The Thai vaccine was 
then evaluated in South Africa to determine if the immune response profile differed from the Thai 
study. The study, designated HVTN 097, found the response rates and magnitudes of Env-specific 
CD4 T-cells in South Africans induced by the same vaccine regimen to be comparable, if not 
better, than those induced in Thai Trial/RV144 (344).   
 
Apart from changes to the protein and adjuvant, the HIV vaccine regimen was additionally 
modified to Clade C before entering South African clinical trials (Phase 1) at six key sites under 
the umbrella of the HVTN 100 study (345). The regimen used the ALVAC prime ALVAC/gp120 
boost of the RV144/Thai trial but an additional ALVAC/gp120 boost at month 12 was introduced. 
The booster dose at month 12 was included to enhance the immune response given the waning 
immunity described after 12 months in the Thai trial. Should the vaccine induce adequate 
immunogenicity, it will be entered into landmark Phase IIb/III HIV vaccine efficacy studies 
(provisionally scheduled for South Africa in 2016) called the HVTN 702 study.   
 
It seems unlikely that South Africa could treat its way out of the HIV epidemic it faces. The huge 
financial implications of ART scale-up and expansion forms only part of the reason for why the 
HIV vaccine is imperative. In the South African landscape, the issue of adherence becomes 
controversial if booster vaccines are needed to maintain protection. The value of the vaccine is that 
it would be administered independent of behaviour change (especially abstinence) and would not 
need to involve partner negotiation as with condoms. Children could be targeted prior to sexual 
debut at schools and this could allow for the development of herd immunity if critical coverage 
levels are achieved. The HIV vaccines would not be considered as an isolated intervention though, 
but would rather complement the evidence-based strategies currently being offered in the public 
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sector (i.e. HCT, condoms, PrEP, STI treatment and TasP) together with behavioural and structural 
interventions developed around sexual health education, outreach and support services.  
 
4.4 ADOLESCENTS IN VACCINE TRIALS 
 
The susceptibility of adolescents to HIV, STI and HPV disease is well established (346, 347). 
Adolescent behaviours predisposing them to HIV transmission and acquisition and the critical 
biological and socio-epidemiological information they hold for vaccine development and eventual 
roll-out makes their role in HIV vaccine research pivotal (348). Answers to these socio-
behavioural questions cannot be extrapolated from adult data as adult decision-making processes 
differ vastly from those of the adolescent (348). Yet despite this, there still remains a reluctance to 
involve adolescent participants, particularly young women, in clinical research (349).  
 
There has been no documented adolescent aged younger than 18 years that has participated in HIV 
vaccine trials to date, with a limited number involved in microbicidal trials and HPV vaccine trials 
despite the high concentration of disease among adolescent females (15-24 years) in SSA (346, 
350, 351). Vaccine efficacy has yet to be demonstrated through RCTs in South Africa. The 
expedient conduct of well-organized bridging trials will hopefully counter the inherent legal and 
ethical complications of adolescent involvement in clinical trials (351). South African law does 
not explicitly prohibit adolescent clinical trial participation (352). Rather the law is circumspect in 
that adolescents do not have the individual capacity to participate in medical research often 
requiring parental consent from both parents, legal guardian or parental consent to all forms of 
research or parental consent with adolescent assent (352, 353). The major drawback to parental or 
guardian involvement in consent processes is adolescent reluctance to involve them in trials 
monitoring sexual behaviour and practices.  
 
Adolescent willingness to participate in vaccine trials has been demonstrated, especially following 
the premature discontinuation of the HVTN 503/Phambili HIV vaccine trial (354). Various such 
studies have addressed barriers to enrolment in this group including HIV testing, stigmatization 
post-testing, mistrust of the health system and concerns around sexual disinhibition (354, 355). 
Theoretically, urgent adolescent inclusion in HIV vaccine preventive trials has been welcomed 
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from all sectors (356-358). The practical application thereof requires painstaking qualification and 
safety is a major concern. Concerns ranged broadly from involvement of adolescents only once 
safety had been established among adults and parental and cultural acceptability of the vaccines, 
to concerns of sexual disinhibition and fears of HIV testing and disclosure (356, 357). South 
African legislation governing nontherapeutic research in minors is unclear. Section 71 of the 
National Health Act allows for research in minors as prescribed (‘prescribed’ itself is unclear), 
with either ministerial consent, consent from the parent, guardian or the minor (if capable of 
understanding) (359). The Minister may refuse consent in circumstances where the objectives 
could be achieved if conducted in adults; is unlikely to result in significant benefit to minors; poses 
significant risk to the health of the minor and where the benefit does not significantly outweigh 
the risk. In its entirety, the document dissuades essential research on the needs of children and 
serves little ethical purpose (360).  
 
As the epicentre of the global HIV pandemic, South Africa is a convincing location to launch a 
primary HIV vaccine roll-out and these important considerations have to be borne in mind. Despite 
the large and immediate HIV prevention need of adolescent girls and young women, there is a 
dearth of evidence-based interventions to reduce their risk. The exclusion of adolescents in 
biomedical research presents a huge barrier. School and community-based education programmes 
are commonplace in many settings, yet few have been evaluated and none have demonstrated 
efficacy in preventing HIV infection (176).  
 
4.5 RISK FACTORS ASSOCIATED WITH DISEASE 
 
Drawing from the discussions thus far, the risk factors associated with HIV and HPV disease 
independently and in combination are illustrated in Figure 6. Rather than being repetitive, this brief 
section was intended to highlight the complex interplay of risk factors implicated in disease 
acquisition and progression.    
 
53 
 
 
Figure 6. Exploring the risk factors associated with HIV and HPV disease 
The risk factors for disease are represented individually and independently. The shared risk factors are 
highlighted [Sources: Dempsey (361), Dietrich (213)] 
 
5.  VALUING VACCINES 
 
The prevention of disease and death through vaccination is commonly regarded as one of the 
greatest public health achievements of the 20th century (362, 363). Yet many young people in 
Africa succumb to vaccine-preventable diseases due to lack of vaccination. The knowledge, 
attitude and practices of parents, adolescents and teachers are vital in understanding the 
implementation of adolescent vaccination policies, and their subsequent uptake of services (364).   
 
Vaccination has led to remarkable health gains over the last century. While large coverage gaps 
still remain globally, more than 100 million children are vaccinated annually against diseases such 
as diphtheria, tetanus, pertussis, tuberculosis, polio, measles, and hepatitis B averting an estimated 
2.5 million deaths annually (365). In fact, the eradication of smallpox prevented 350 million new 
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smallpox victims and approximately 40 million deaths from the disease (366). More recently, 
global efforts directed at polio eradication have seen a 99% reduction in the number of cases 
reported to the WHO since 1988 (366, 367). Often, the economic benefit of vaccination is restricted 
to its links with health care, underestimating the broader social context such as productivity gains 
from the protection afforded and reductions in the productive time lost in seeking care for affected 
children or household members (365, 368). The rationale for investing in immunisation 
programmes in developing countries is clear. The investment is low risk, highly cost-effective, has 
shown proven returns and can be financially sustainable in developing countries (366, 369). 
 
5.1 PROCUREMENT 
 
The affordability of a vaccine versus it cost-effectiveness are two completely distinct 
considerations. In a world of constrained budgets and competing demands, cost-effectiveness 
explores the most beneficial use of scarce resources by comparing the net cost against the net 
benefits of a vaccine initiative, as has been conducted with the HPV vaccine (370).  A potential 
HIV vaccine could have a substantial impact on the pandemic provided it is made accessible and 
is quickly implemented. It is here that long-term strategic demand forecasts present an invaluable 
decision-making tool than can guide policy to achieve these goals (370).  Global, and indeed 
national, HIV vaccine demand forecasting has to address issues concerning the effect on demand 
of vaccine characteristics, price and vaccination strategies. The International AIDS Vaccine 
Initiative (IAVI) reached consensus that a vaccine needed to be at least 50% effective before 
governments would consider implementation in the general population, with lower thresholds 
considered in groups that were highly susceptible to HIV infection such as commercial sex workers 
(371). Similar sentiments regarding vaccine efficacy were shared by the Pox-Protein Public-
Private Partnership (P5) who are tasked with driving the initial Thai Trial/RV144 findings forward 
(372). The IAVI estimates the average global demand annually for a first generation preventive 
vaccine could range between 28-142 million courses over a 30 year period. While South Africa 
(as a middle-income country) is not eligible for GAVI support, the 47 poorest countries that are 
GAVI eligible could potentially account for between 19-42% of the total global demand by volume 
but only contribute between four to nine percent of anticipated revenues (371).    
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Advanced market commitment (AMC) may be considered as an alternate financing strategy for 
vaccines. The aim of AMCs is to speed up the processing of a new vaccine while ensuring 
affordable pricing mechanisms in developing countries. The AMC concept is that donors subsidize 
the purchase of a new vaccine when it is developed to certain standards and is demanded by 
developing countries The AMC subsidy of the bulk of the price, secures a more reasonable co-
payment by the countries wishing to access the vaccine. The donor commitment serves to 
incentivize private sector investment and production scale-up (373). While it is appreciated that 
HIV vaccine development may take years, if not decades, it is important to start considering the 
policy issues regarding access and demand. This PhD explored the interplay of the drivers of 
demand for new vaccines based on the IAVI model (Figure 7).   
 
 
Figure 7. Characterizing the demand framework from need to final demand 
 
From Figure 7, it is important to understand that the disease burden, incidence and prevalence 
determine the need for a vaccine. The characteristics of the vaccine would determine the storage, 
transportation and administration requirements. The vaccine programme has to be driven by 
political will for the initiative and backed by the capacity and infrastructure to deliver the 
programme. Funding has to be secured from national government or international donors. 
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Probably most importantly, the acceptability has to be understood as it is the major determinant of 
predicting utilisation (371).  
 
6. SCHOOL-BASED HEALTH SERVICES  
 
Adolescents are a challenging population to reach with preventive health care services (374, 375). 
However, their health and well-being hinges on access to comprehensive sexual, reproductive, and 
mental health care services (376). School-based health care is considered an effective strategy for 
delivering comprehensive primary and preventive health care to young people, particularly those 
underserved by health services (377-380). It serves as an effective mechanism to offer youth-
friendly health services that connects them with other services offered in the community (378).  
Further benefits of health care located within a school, are the potential to minimise transport costs, 
improve accessibility to health care and the building of links between the schools and communities 
(377). School-based health services that include school delivered education programmes on topics 
such as HIV, particularly in communities with high prevalence rates, have encouraged 
considerable increases in condom use (377) with females the predominant users of the services 
(381-383). Generally, the health services tended to be accessed by those involved in high-risk 
behaviours such as unprotected sexual intercourse and substance use (384-386).  This, in itself, 
highlights the urgent need for these school-based interventions and supports the South African 
government initiatives that prioritize these services (377).  
 
Comprehensive sexuality education is vital in addressing adolescent risk behaviours (387, 388). 
Several studies concerning youth interventions conducted in both developed and developing 
countries continue to promulgate school-based health services as an integral intervention that 
improves young people’s knowledge of sexuality, reproductive health and HIV prevention – an 
intervention that often translates to reductions in sexual risk-taking behaviours among adolescents 
(387, 389-394). Such programmes conducted among young people in SSA have been shown to be 
effective in several systematic reviews (392, 395-401).  In fact the evidence for school-based health 
services is so strong that its implementation is being prioritised by several governments (402-405). 
However, results of school-based interventions conducted in SSA found a greater impact on HIV 
knowledge and attitudes among adolescents rather than on the sexual behaviours reported (390). 
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These findings were supported by large scale trials in Tanzania (the Mema kwa Vijana Project) 
and in Zimbabwe (the Regai Dzive Shiri Project) that positively impacted sexual knowledge and 
attitudes, aspects of male sexual behaviour and self-reported pregnancy (399, 406). 
 
The convenience of school services cannot be underestimated. Schools provide a ubiquitous venue 
for HIV prevention education, and several schools throughout SSA operate youth targeted services 
discussing HIV, STI and pregnancy prevention (407).    
 
6.1 GLOBAL PERSPECTIVES ON SCHOOL HEALTH 
  
Studies in the USA reported that many adolescents attending health centres for HPV vaccination  
used the opportunity to access preventive services  (82). The WHO  has suggested leveraging this 
relationship by using the HPV vaccination as a platform from which to deliver preventive health 
services and provide information, especially in LMIC (84). Research has positively shown the 
impact of school-based health services on delivery of preventive care interventions such as 
immunisations, managing chronic illness such as asthma and providing reproductive health 
services for adolescents (408). Importantly, school-based health offers an opportunity for 
preventive counselling against STIs even in the absence of other reproductive health services (409, 
410). In low-income countries, the pre-existing infrastructure of the schooling system presents an 
attractive alternative for the delivery of simple health interventions as schools often outnumber 
clinics and teachers outnumber trained nursing staff (411). In LMIC, child health programmes 
rarely extend into adolescence and school-based  HPV vaccination presents a unique and validated 
opportunity for extension of these services (412, 413).  
 
Health and education are closely linked. The concept of health promoting schools has been 
developed under the auspices of the 'Declaration of Alma Ata’ (calling for renewal of PHC) and 
the Ottawa Charter for Health Promotion (414).  In 1995, the WHO launched the Global School 
Health Initiative to strengthen health promotion among scholars and their communities through 
the school. In April 2000, the Focus Resources on Effective School Health (FRESH) initiative was 
launched by the WHO, UNICEF, The World Bank and the United Nations Educational, Scientific 
and Cultural Organization (UNESCO) at the World Economic Forum in Dakar, Senegal to ensure 
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child friendly learning environments covering policies such as safe water and sanitation facilities, 
health education and school-based nutritional services (411, 414).  Based on the FRESH initiative, 
an Essential Package of services was designed (Table 2). The Essential Package was adapted in 
the Southern Africa regional strategy from the Sahelian Alliance model  and targets ten southern 
African countries including Angola, Botswana, Lesotho, Malawi, Mozambique, Namibia, South 
Africa, Swaziland, Zambia and Zimbabwe that share common  features including unstable 
weather, crop failures, depleted food reserves, and the highest prevalence of HIV/AIDS (185).  
 
Optimizing the school environment to advocating for gender-sensitive approaches will hopefully 
promote improved teacher-student dialogue that allows for the rehabilitation and re-integration of 
pregnant girls into the school system following delivery (415). In fact, promoting intergenerational 
(with parents, teacher and other involved adults) communication on matters of sexuality is 
associated with several positive outcomes and is thus vital to establish (416).   
 
Table 2. Outline of the school-based health service endorsed by the WHO 
The table outlines the Essential Package of services proposed by FRESH, and delineates the ‘gender-
sensitive’ approach of child-friendly schools. [Source: Nederveen  (417)] 
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6.2 THE EVOLUTION OF SCHOOL HEALTH SERVICES IN SOUTH AFRICA 
 
In 1995 South Africa ratified the United Nations Convention on the Rights of the Child which 
effectively confirmed South Africa’s intention to implement sexuality education, focusing on 
issues including sexuality and HIV/AIDS (418). In 1996, sexual education became compulsory in 
all South African government schools, and was included in the Life Orientation learning frame. 
The curriculum was structured to cover basic HIV/AIDS information and to understand that sexual 
responsibility was based on self-esteem and self-knowledge and not just information about the 
disease (418). By 2003, the South African National School Health Policy (NSHP) was introduced 
to deliver equitable and focused health services to school-going children in order to safeguard their 
right to optimal health and development. The NSHP was implemented in a phased manner, with 
disadvantaged areas being prioritized. Many issues challenged the policy implementation 
including poverty, staff shortages, no dedicated funding for the school health services and poor 
prioritization of the project by senior departmental managers  (419).  
 
The challenges in adolescents accessing existing clinic services persisted. Coupled with high 
school enrolments, school-based services were considered an effective delivery strategy (84). The 
South African government then reintroduced the ISHP based on the WHO recommendations for 
School Health Programmes (153). The new draft of the ISHP was jointly formulated by the 
Departments of Health, Basic Education and Social Development and was built on the foundations 
of PHC (153). The policy sought to shift from the current costly model of unsustainable 
hospicentric care to one of preventive care by addressing health barriers to learning, facilitating 
the access to services and to support the school community in creating a safe and secure 
environment for teaching and learning (153).  With the HPV vaccine featuring highly on the SRH 
agenda of most countries, the WHO suggested that HPV vaccine implementation in South Africa 
be combined with a package of adolescent SRH services called the HPV Plus Package (Table 3). 
Looking more broadly however, the ISHP covers a broader spectrum of services and extends 
beyond adolescent care. The draft policy suggests the minimum starting point for the package on 
interventions making provisions for health education, health screening and provision of onsite 
services; with a particular emphasis on SRH (Table 4) (153).  
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Table 3. Suggested package of adolescent sexual and reproductive health services  
The potential health services offered to adolescents, derived from the HPV Plus Package [Source: WHO 
(420)] and from the Adolescent Plus Package [Source: MacPhail (84)]. 
 
Intervention category Definition  Menu of complimentary interventions 
 Screening  Testing or screening for 
illnesses, diseases or 
disabilities 
 Vision screening 
 Anaemia screening 
 Provision of 
information 
 Providing information-based 
interventions  
 HPV and cervical cancer 
 Reproductive and sexual health  
 Nutrition 
 Tobacco and alcohol 
 Services  Providing referrals   Referrals for reproductive health 
services or iron replacement  
(if not undertaken at school) 
 Commodity delivery  Supplementation, direct 
provision of commodities or 
increasing access to 
commodities 
 Anti-helminthic (soil transmitted)  
 Anti-helminthic (schistosomiasis)  
 Vitamin A/iron 
 Vaccines   Vaccines that are currently 
recommended for this age 
group 
 Tetanus/diphtheria booster  
 Hepatitis B  
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Table 4. Summary of the School Health Package  
Health screening On-site service Health education 
Foundation phase (Grade R – Grade 3)  
 Oral health 
 Vision 
 Hearing Speech 
 Nutritional assessment 
 Physical assessment (Gross and fine 
motor) 
 Mental health 
 Tuberculosis 
 Chronic illnesses 
 Psychosocial support 
 Parasite control.       Deworming and 
bilharzia control (where required) 
 Immunisation 
 Oral health 
 Minor ailments  
 
 Hand washing 
 Personal & environmental hygiene 
 Nutrition 
 Tuberculosis 
 Road safety 
 Poisoning 
 Know your body 
 Abuse (sexual, physical and emotional) 
Intermediate phase (Grade 4 – Grade 6) 
 Oral health 
 Vision 
 Hearing Speech 
 Nutritional assessment 
 Physical assessment (Gross and fine 
motor) 
 Mental health 
 Tuberculosis 
 Chronic illnesses 
 Psychosocial support  
 Deworming 
 Minor ailments 
 Counselling regarding SRH  (if 
indicated) and provision and referral 
for services as needed 
 
 Personal & environmental hygiene 
 Nutrition 
 Tuberculosis 
 MMC & traditional  
 Abuse (sexual, physical and emotional) 
 Puberty (e.g. physical and emotional 
changes, menstruation & teenage 
pregnancy) 
 Drug and substance abuse 
Senior phase (Grade 7 – Grade 9) 
 Oral health 
 Vision 
 Hearing Speech 
 Nutritional assessment 
 Physical assessment incl. anaemia  
 Mental health 
 Tuberculosis 
 Chronic illnesses 
 Psychosocial support 
 Minor ailments 
 Counselling regarding SRH  (if 
indicated) and provision and referral 
for services as needed 
 
 Personal & environmental hygiene 
 Nutrition 
 Tuberculosis 
 Abuse (sexual, physical and emotional) 
 Sexual and reproductive health 
 Menstruation 
 Contraception 
 STIs and HIV 
 MMC & Traditional 
 Teenage pregnancy, CTOP & PMTCT 
 HCT & stigma mitigation 
 Drugs & substance abuse 
 Suicide 
Further education and Training (FET) (Grade 10 – Grade 12) 
 Oral health 
 Vision 
 Hearing Speech 
 Nutritional assessment 
 Physical assessment incl. anaemia  
 Mental health 
 Tuberculosis 
 Chronic illnesses 
 Psychosocial support 
 Minor ailments 
 Counselling regarding SRH   (if 
indicated) and provision and referral 
for services as needed 
 
 Personal & environmental hygiene 
 Nutrition 
 Tuberculosis 
 Abuse (sexual, physical and emotional) 
 Sexual and reproductive health 
 Menstruation 
 Contraception 
 STIs and HIV 
 MMC & Traditional 
 Teenage pregnancy, CTOP & PMTCT 
 HCT & stigma mitigation 
 Drugs & substance abuse 
 Suicide 
All schools 
  Environmental assessment 
 First aid kit 
 Water and sanitation 
 Physical safety 
 Ventilation (airborne infections) 
 Waste disposal 
 Food gardens 
 Recycling 
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6.3 THE CURRENT STATUS OF SOUTH AFRICAN SCHOOL HEALTH 
PROGRAMMES 
 
School-based SRH is considered an important strategy in reducing risky sexual behaviour among 
adolescents (421). The school-based approach plays an important role in promoting 
comprehensive sexual health among young people (422). Numerous systematic reviews and meta-
analyses have highlighted the value of school-based health services. Data from high income 
countries suggests that school-based health services remains popular among young people and 
provides vital mental and SRH services but also address health disparities in clinic attendance 
(377). A systematic review of eight cluster-RCTs enrolling more than 500000 participants in five 
trials were conducted in SSA (Malawi, South Africa, Tanzania, Zimbabwe, and Kenya), Latin 
America (Chile), and in Europe (England and Scotland). The studies evaluated the impact that 
school-based programme had on the prevalence of HIV and other STIs. The review concluded 
that schools remained an appropriate place to provide health education that included contraceptive 
choices and condoms (421). Sani et al. reviewed 21634 relevant citations evaluating school-based 
SRH education. From the 51 papers finally reviewed, the authors concluded that school-based 
health care had the potential to promote condom use among young people in SSA (422).   
 
Adolescents need access to effective SRH interventions, but face barriers accessing them through 
traditional health systems. Data from rural Kwa-Zulu Natal found overwhelming community 
support for school-based SRH clinic services particularly in areas with high reported HIV 
prevalence and teenage pregnancy rates among adolescents (423). A series of after-school SRH 
education programmes and school health services was conducted in 18 schools and among 1576 
participants in the Western Cape Province. Low rates of attendance were reported with lower rates 
described among those who had been victim of IPV or sexual violence, or had perpetrated IPV. 
Those attending were motivated by wanting to access information, and the life coaching offered 
but those unable to attend were hampered by the lack of available safe transport and by domestic 
responsibilities. There is an obvious need to reduce these structural barriers to attendance (424).  
Scaling-up the provision and access to HCT is a priority as the South African youth are at particular 
risk of acquiring HIV. Focus group discussions conducted in rural schools in the Vulindlela sub-
district of uMgungundlovu in KwaZulu-Natal found that the stigma and discrimination associated 
with HIV testing, exacerbated by concerns of a potential positive result remained the most 
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significant obstacles to uptake of voluntary HIV testing services. Their fears were compounded by 
the perceived backlash of peers, partners, family and the community (425). Systematic review of 
the evidence base for HIV prevention strategies among the youth yielded the key recommendations 
of addressing HIV social risk factors (such as gender, poverty and alcohol); targeting the structural 
and institutional context of their understanding; working towards changing social norms and 
normalising the HIV testing; and engaging schools in new ways that promote participatory learning 
(399). Although HIV prevalence has declined among young people in many high-burden countries, 
20 countries in SSA accounted for nearly 70% of the world’s new HIV infections among young 
people in 2009 (426). 
 
Adolescents encounter difficulties dealing with their sexuality and the impacts of peer pressure 
such that they have a high propensity for engaging in early and risky sexual practices making them 
susceptible to early infection with diseases such as HIV (427, 428). Young people need to be 
empowered to make constructive decisions about their SRH and need to make informed decisions 
about engaging in sexual relationships once they feel emotionally and sexually mature (429, 430). 
However, the broader context of the adolescent in South Africa has to be taken into consideration. 
Many adolescent children face the daily reality of dysfunctional homes, poor role models, 
inadequate life-skills, violence, crime, poverty and hunger (431). Despite efforts at ‘normalizing’ 
the disease, discussions around sex and sexual behaviour often remains taboo between parents and 
children resulting in adolescents developing many misconceptions about sexual health and risk, 
increasing the probability of them acquiring STIs (432). Apart from high rates of HIV and 
unwanted pregnancy, poor sexuality education reinforces the environment for gender-based 
violence to occur, thereby harming young people in general but particularly the educational 
attainment of women (430, 433). 
 
There are have been several more positive perspectives approached in school-based health care 
specifically in South Africa. Lawrence et al. evaluated a mobile school-based HCT service based 
on the WHO youth-friendly health service model that operated in two secondary schools in Cape 
Town. They concluded that HCT in this setting made the service more accessible but stressed an 
acceptable and equitable distribution of services (434). Data from HCT testing conducted in rural 
KwaZulu-Natal confirmed the high prevalence of HIV among female learners and further 
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underlies the vital need for school-based HIV testing services as an entry point for HIV prevention 
and treatment services (435). In Cape Town, the ‘Listen Up’ programme was introduced as a  
structured, curriculum-based, peer-led educational system to learners entering high school on 
topics varying from HIV knowledge transmission to sexual attitudes. The study findings reinforced 
the role of peer-education in facilitating adolescents' self-efficacy in sexual relations and in 
improving HIV transmission knowledge, thus potentially contributing to reduced HIV 
transmission among adolescents (436). PREPARE, a multi-dimensional school-based programme 
was introduced as part of a RCT in 42 South African high schools, targeting IPV in particular. 
Those among the intervention arm reported lower rates of victimisation, suggesting safer 
relationships with a potential decreased risk of HIV acquisition (437). Exploring a strategy as 
diverse as VMMC in a school-based programme enjoyed a level of success. Studies that engaged 
learners on VMMC in 42 schools in Vulindlela found the programme was embraced as feasible, 
acceptable and safe in the school-based setting (333). Drawing from the outcomes of 70 
consultative meetings held with the community and key-stakeholders in rural Kwa-Zulu Natal, the 
SRH service provision pilot was deemed acceptable and feasible for scale-up. Their additional 
comment was that school-based services needed to be tailored to suit the health needs of the 
adolescents (423).    
 
There remains a desperate need for a comprehensive approach towards sexual health interventions 
and programmes that are culturally and socially sensitive and relevant. It may be the case that the 
educator may be unfamiliar with the cultural backgrounds of the learners. Hence the need for a 
working relationship between the family/community and the school to facilitate the development 
of a curriculum that is responsive to the needs of the child (438). From the evidence presented 
globally and in South Africa, school-based health services appear to be an acceptable, accessible 
and safe option for delivery of health care to adolescents. The school environment appears to be 
conducive to peer led and curriculum based learning that embraces the participation of the learners 
as opposed to the more traditional delivery mechanisms of health service at PHC facilities.   
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6.4 NEGATING CHALLENGES AND MOVING FORWARD 
 
Communication between parents and adolescents regarding sexual matters has long been shown 
to be beneficial in reducing the risk of HIV transmission (439).  Adolescents have also expressed 
a preference for mentorship around SRH communication rather than pedantic abstinence-only and 
peer-led in-school interventions (400, 407). 
 
Adolescents live and interact within families, sexual and social networks and communities, and 
are greatly influenced by society, policies and broader environments and epidemic settings (440). 
Those interventions demonstrating the greatest successes adopt a combination of context-specific 
session programmes, HIV prevention and SRH curricula. The suggested programmes broadly 
address more general skills and knowledge development, and are delivered by trained facilitators 
(407). HCT forms the foundation of all SRH curricula; school-based or otherwise (441). Based on 
the outcomes of the HCT, interventions should then guide HIV-positive adolescents towards the 
ultimate goal of viral suppression and safer sexual practices. HIV-negative adolescents should be 
encouraged to maintain their status through structured biomedical and behavioural interventions 
that are delivered via an adolescent rights framework (442, 443). Several high burden countries 
including Côte d’Ivoire, Ethiopia, Kenya, Malawi, Namibia, South Africa, Tanzania, Zambia and 
Zimbabwe have managed to achieve a significant decline of HIV prevalence among young people 
(444). These declines have been critical in attempts to curb the AIDS epidemic in SSA, but much 
work remains to be done (445). 
 
Apartheid South Africa saw school health services characterized by inequity cutting across racial, 
socio-economic and equity lines with fragmented delivery structures (1, 446). The school 
programme operated as a ‘vertical’ programme, with little interaction with other relevant child 
health services (447). These vast and iniquitous deficiencies resulted in several reforms that 
culminated in the NSHP in 2003, followed by the ISHP in 2012. Both these programmes 
highlighted the dire need for infrastructural and human resource development going forward.  The 
2003 NSHP was marred by poor coverage, inadequate nursing ratios such that some schools would 
be visited every five years and absence of effective referral pathways (447). The 2012 ISHP 
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experienced its own challenges in the form of inadequate referral capacity and poor quality of 
health care (447).  
 
Shung-King describes the success of the school health service hinging on three key priority areas:  
(i) Identifying and prioritising the interventions that can make the greatest difference to the 
health and well-being of children within the confines of existing resource constraints, and 
with consideration given to the role and responsibilities of each sector involved;   
(ii) Appropriately capacitating the key role players to perform their required duties and 
responsibilities; and  
(iii) Facilitating processes that ensure sustainable collaborations between these key role 
players.  
 
School health services should be optimized to ensure that healthy school-going children are able 
access their full potential by addressing the health barriers that hinder them. The South African 
school health service is an important health promotion and disease preventive tool that should be 
universally applied to any child attending formal schooling. Adolescent health care bridges the 
gap between the early childhood years and adulthood, and provides a catch-up strategy for those 
having missed childhood health services. By the school programme endorsing and promoting 
healthy lifestyles, it serves to prepare children for healthier adulthoods (447).   
 
6.5 IN SUMMARY OF SCHOOL HEALTH SERVICES 
 
Mathematical models have suggested that, over the long-term, it is more efficient to promote HIV 
prevention programmes among adolescents than in any other age groups (448, 449). This makes 
practical sense considering that adolescents are deemed a high risk group with increased 
vulnerability to HIV acquisition  (93, 97, 98, 294, 300, 450-452). Additionally, in the absence of 
tailored health services, adolescents tend to have restricted access to health services, often 
preferring not to attend (453). Most importantly, adolescent-focused interventions are required to 
address the existing inequities in access to disease prevention services, as the younger they acquire 
a STI (or HIV), the more likely they are to transmit it to others (454). There is strong evidence to 
support the value of education in improving knowledge and attitudes concerning HIV and the 
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uptake of HIV testing among adolescents both nationally and in SSA (387, 390, 392, 395-401, 
455, 456). 
 
7. CONCLUSION 
 
South Africa is at the forefront of the HIV/AIDS pandemic, with adolescents largely implicated 
(300). HPV is another major contributor to the STI disease burden in South Africa, with 
approximately 20% of women harbouring cervical HPV infection at any given time (44, 457-460).  
HPV infection is frequently observed in HIV-infected individuals (44). Coupled with HIV/AIDS, 
cervical cancer is responsible for significant morbidity and mortality.  HIV has been implicated in 
increasing the risk of acquiring HPV infection, increasing its persistence and with greater severity 
of associated cervical lesions (461). Conversely, research findings suggest that HPV infection may 
increase the risk of incident HIV infection in both women and men (462).  If the association 
between HIV and HPV holds true, the use of the HPV vaccine may well reduce the incidence of 
HIV incidence in high HPV prevalence populations, in addition to preventing cervical cancer 
(463). Public sector vaccine delivery is limited by cost and delivery challenges in the resource-
constrained environments of developing countries (84). However, HPV vaccine successes and 
potential HIV vaccine advancements are predicted to encourage even the most underdeveloped 
countries to scrutinize modalities to reach adolescents and pre-adolescents with vaccine initiatives 
(412). Organized public health programmes are needed to reach the adolescent population, as well 
as organization of systems of quality control and vaccine coverage monitoring to ensure long-term 
follow-up for vaccine effectiveness and safety evaluation (61). Discussing the vaccine policy has 
driven efforts to develop national comprehensive cervical cancer strategies that include 
vaccination, screening, treatment and palliation in areas such as Malaysia, Mexico, Peru, Rwanda, 
Tanzania and Uganda (61).   
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School-based health clinics for reproductive and mental health outcomes have been shown to 
provide access to health care for at risk adolescents are cost-effective in reducing health care costs 
due to hospitalisation and have the possibility of addressing health inequities.  They are also 
essential to help adolescents make informed decisions about vital sexuality and relationship issues 
(Figure 8) (377, 378). The programmes have proven most effective when ‘adolescent-friendly 
facility-based approaches’ are combined with community acceptance. It is also imperative for the 
needs of the learners to be taken into consideration when implementing the sexuality education 
programme in school (173).  To ensure that school-based sexuality education programmes are 
effectively delivered, teachers must feel comfortable about teaching about sexuality and 
comfortable answering adolescents' questions about sexuality issues. Thus, investing time and 
effort in teacher training is crucial (464). Parents play an equally important role in a success of a 
programme and should thus be included in the process, perhaps to review content and raise 
pertinent questions (465).   
 
Figure 8. Comprehensive goals underlining school-based sexual and reproductive health 
programmes 
The model addresses the key concepts that a SRH should cover to ensure adolescents develop 
comprehensive knowledge and sound relationship skills. [Source: Naidoo (418)].  
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There remain structural barriers in providing a comprehensive school-based SRH programme but 
special attention is required to reach vulnerable adolescents by offering different delivery 
modalities, making the school environment more conducive, and providing ongoing support for 
adolescents with identified health problems (424). Vaccines remain the one of the most cost-
effective public health measures available, despite being undervalued and under-utilised globally. 
Society and future generations will draw the benefit from protecting populations from vaccine-
preventable diseases now (366).  
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CHAPTER 3 
 
AN INTRODUCTION TO ECONOMIC EVALUATION 
 
 
1. INTRODUCTION 
 
In 1963, Kenneth Arrow contended that the “special economic problems of medical care can be 
explained as adaptations to the existence of uncertainty in the incidence of disease and in the 
efficacy of treatment” (466). More than 50 years later, Arrow’s seminal article and his 
understanding of the health service sector remain relevant. The situation is such that health service 
spending has increased dramatically in most high- and middle-income countries raising concerns 
about cost-containment, quality and responsiveness. This is compounded in developing countries 
given that the renewed aspirations for improved health care often outstrips the local resources 
available to meet them (467). Health economics is a sub-discipline of economics that is linked to 
public health. It seeks to establish a connection between health and the resources required to 
promote it. Resources, such as human resources and time, are finite but the need for it may be 
indefinite. Options need to be prioritized in light of limited resources. Health economics clarifies 
these choices by appraising health policies, thereby providing a framework to contextualise the 
effects of different interventions (468).  By doing so, areas lacking evidence are identified, and 
potential sources of empirical data sought (468). With several new vaccines of significant public 
health importance (including HPV) becoming increasingly available to national immunisation 
programmes, it becomes imperative for decision-makers to choose between vaccination strategies 
and alternative preventive interventions based on cost-effectiveness and value for money.  
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2. UNDERSTANDING ECONOMIC EVALUATION 
 
“The ever-present need to allocate finite resources between numerous competing interventions 
and programmes means that economic evaluation are also used, to a greater or lesser degree, at 
‘lower levels’ within many health care systems” (469). 
 
Economic evaluation has become a vital tool to inform decisions made by health care systems 
regarding the health care interventions they should invest in (470). Economic evaluation in health 
care can be defined as the comparison of alternative options in terms of their costs and 
consequences (105). ‘Health care costs’ refer to the tangible resources of the health care system 
including staffing, equipment and buildings and consumables like drugs (470). ‘Consequences’ 
represent the changes occurring in an individuals’ health (positive or negative) and includes all the 
effects of the health programme not accounted for by the resources (470). It is generally accepted 
that there are four main forms of economic evaluation. While each form compares cost, they differ 
in their handling of the consequences of health programmes (Table 5).  
 
Generally some form of CEA predominates in terms of applied health research. The CEA is 
typically characterised by a health centred objective constrained by a health care budget – 
constrained optimisation (470).  While the CEA is based on a single, generic measure of health, 
the quality-adjusted life year (QALY) has become the more frequently adopted measure for this 
purpose; as it incorporates the parameters of an individuals’ length of life with health-related 
quality of life into a single measure (471). When a QALY is used as the measure of effect in a 
CEA, the analysis is termed a cost utility analysis (105).  Once a measure of effect has been 
determined, the standard cost-effectiveness decision rules relate the differences between cost and 
benefits of the two interventions under comparison (472).  
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Table 5. Types of economic evaluation 
The four main forms of economic evaluation are differentiated by measures of cost and consequence 
[Source: Drummond, 2005 (105)].  
 
Type of study Measurement / 
valuation of costs in 
both alternatives 
Identification of 
consequences 
Measurement / 
valuation of 
consequences  
Cost analysis Monetary units None None 
Cost-effectiveness 
analysis 
Monetary units Single effect of interest, 
common to both 
alternatives, but 
achieved to different 
degrees 
Natural units (e.g. life-
years gained, disability-
days saved, points of 
blood pressure 
reduction etc.) 
Cost-utility analysis Monetary units Single or multiple 
effects, not necessarily 
common to both 
alternatives 
Healthy years (typically 
measured as quality-
adjusted life-years) 
Cost-benefit analysis Monetary units Single or multiple 
effects, not necessarily 
common to both 
alternatives 
Monetary units 
 
A dominant intervention (yielding greater health benefits at lower costs than the comparator) 
would be considered unequivocally cost-effective (473). In the scenario where greater health 
benefits are obtained at greater cost, the decision to fund the new intervention rests on the 
opportunity costs falling on the health system – i.e. the QALYs that are forgone by funding the 
new intervention (470). In other words, the decision to implement a new intervention over an 
existing intervention has to take into consideration the benefits gained from the existing 
intervention that could be potentially lost (forgone). It is often the case that a new intervention 
would replace the existing intervention, as it would be financially prohibitive to run both 
interventions simultaneously. On this premise, the simplified decision rules have been focussed on 
calculating the incremental cost-effectiveness ratio (ICER). The ICER represents the additional 
cost per extra unit of effect (e.g. QALY) from the more effective treatment (470). By comparing 
the ICER value to those of the other interventions; or to a hypothetical threshold value which 
decision-makers are seemingly willing to pay for the additional unit of effect, the preferred option 
from those being compared can be established (472).  
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3. THE PRACTICAL APPLICATION OF ECONOMIC EVALUATION 
 
Economic evaluation, particularly cost-effectiveness analysis, has established itself as a vital 
determinant of overall health financing policy (474). Economic evaluations can inform decisions 
from the efficiency and allocation of resources to the implementation of strategies specifically 
designed to inform health care providers and patients alike about evidence based medicine that 
potentially enhances their practice (475). Economic considerations additionally impact on the 
planning, management and evaluation of health systems; from considering alternate methods of 
reimbursing providers to improved access to care by households, to defining essential packages of 
services for insurance and informing decisions on the inclusion of new medications in hospital, 
state or national formularies (476-479). 
 
While these analyses are clearly valuable, the actual systematic impact of economic evaluation 
data on decision making still remains limited (480). Data from the EUROMET study examining 
the use of economic evaluation in Europe found that few decision makers actually made use of 
economic evidence (469). Similarly, there was a lack of evidence reported in an European study 
of evaluations of health care interventions, though some ad hoc evidence of impact was observed 
(481).  
 
Morris, Devlin and Parkin (2007) provides the rationale for the use of economic evaluation in 
health care decision making as (482): 
 Maximising the benefits from health care spending. 
 Overcoming regional variations in access. 
 Containing costs and manage demand. 
 Providing bargaining power with suppliers of health care products.  
 
Several health-care settings such as Australia, England, Wales, and Sweden have formally adopted 
the economic evaluation approach (469, 483). Since 1993, it has become mandatory in Australia 
for industry to submit economic evidence to the Pharmaceutical Benefit Advisory Committee 
(PBAC) for their products to be included in the Pharmaceutical Benefit Scheme, which is 
subsidized by the government (483, 484). Similar approaches have been adopted in Canada, 
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England, Finland, The Netherlands and Portugal where systems have been introduced to formally 
link cost effectiveness to reimbursement decisions for new pharmaceuticals and, in some cases, 
other clinical technologies (485). The National Institute for Health and Clinical Excellence (NICE) 
in Wales and England consider economic evaluation to be a significant parameter in developing 
practice guidelines intended to influence health service delivery throughout the country (486). 
Sweden also adopts clinical practice guidelines based on decisions made by a central formulary 
committee that considers relevant economic evidence (487).   
 
Thousands of completed economic evaluations have identified potential areas for improved 
efficiency. Examples of such studies are reflected in Table 6, which demonstrates clinical results 
varying from inefficient use of resources, yield life-years or QALYs at additional cost, or even 
suggesting cost-saving mechanisms. The table was adapted from Hooman and Severens (2014) 
(488). The wide variation in outcomes is not unexpected given the vast contrast in information 
input parameters used in cost-effectiveness studies (488). However, the adoption of a uniform 
methodology will increase the study transparency by allowing the reader to precisely critique the 
methodology adopted by the analysts and determine its appropriateness in the context of the study 
(489, 490).  
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Table 6. Examples of economic evaluations 
 
AUTHOR COMPARISON INTERVENTION OUTCOME DECISION REF 
Gillespie 
et al. 
(2014) 
Structured patient 
education with group 
follow-up versus 
individual follow-up 
Self-management in 
type 1 diabetes 
versus conventional 
care 
19,300 per 
QALY  
 (cost-saving) 
Not cost-effective (491) 
Mortimer 
et al. 
(2013) 
Multifaceted strategy 
targeting primary care 
physicians, including 
interactive workshops, 
versus guideline 
dissemination alone 
Evidence-based care 
for acute low back 
pain versus 
convention 
 
AU$108 per x-
ray referral 
avoided 
(cost-saving) 
Cost-effective (492) 
Choudry 
et al. 
(2011) 
No co-payments for 
patients versus co-
payments 
 
Preventive 
Medication after 
myocardial 
infarction versus 
no preventive 
medication 
 
$54 per 
nonfatal 
vascular event 
or 
vascularization 
averted (cost-
saving) 
Cost-effective (493) 
Hooman 
et al. 
(2009) 
Audit and feedback to 
primary care 
physicians versus 
usual care 
Intensive control of 
blood glucose in 
patients with type 
2 diabetes versus 
conventional control 
25,640 per 
QALY 
Cost-effective (475) 
Walker 
et al. 
(2009) 
Financial incentives to 
primary care practices 
versus usual care 
Use of ACE inhibitor 
and other quality 
indicators 
versus conventional 
care 
5,623 per 
QALY 
 Cost-effective (494) 
Scheeres 
et al. 
(2008) 
Multifaceted strategy, 
including health 
professional and 
patient education and 
instruction, versus 
usual care 
Cognitive behaviour 
therapy of chronic 
fatigue syndrome 
versus regular 
counselling 
 
5,320 per 
recovered 
patient 
Cost-effective (495) 
Mason 
et al. 
(2005) 
Specialist-nurse led 
clinics versus usual 
care 
Lipid control in 
patients with 
diabetes versus no 
lipid control 
$19,950 per 
QALY  
 
Cost-effective (496) 
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4. THE ROLE OF DECISION ANALYTICAL MODELS  
 
Decision analytical models are becoming an integral part of the economic evaluation of health care 
interventions with the primary purpose of generating valuable information to assist health policy 
decision-makers in the efficient allocation of scarce health care resources (497). The model seeks 
to systematically evaluate the impact of health care interventions on costs and other outcomes; 
thereby accounting for uncertainty, explicating assumptions and allowing for the systematic 
evaluation of the trade-offs and uncertainty (498-500). The model achieves this by drawing data 
from several sources (RCTs, observational studies, epidemiologic data, expert opinion, etc.) to 
estimate the clinical and economic consequences of alternative therapeutic interventions, 
translating the complexity of the real world into a simplified, comprehensive decision tool that 
could potentially guide the decision-making process through the use of mathematical techniques 
and computer software (501, 502). Decision analysis tools complement CEA in informing clinical 
decision-making at population and individual levels. Decision modelling allows for variability and 
uncertainty in the model inputs by mathematically defining a series of possible consequences that 
could result from the alternative options being evaluated. Decision analysis enhances the validity 
of decision-making based on economic evaluation by: (i) providing a framework for synthesis of 
data sourced from different studies; (ii) effectively allowing for comparison between interventions 
by bringing together data from different clinical studies using statistical synthesis methods; (iii) 
allowing for sufficiently lengthy time horizons of comparison to reflect the key differences in cost 
and effects; and (iv) comprehensively accounting for the inherent uncertainty in the model using 
probabilistic modelling (470). While many different decision analytical models have been applied 
in economic evaluations, the decision tree and the Markov models remain the most notable (503, 
504).  
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5. THE KEY STEPS IN DECISION ANALYTICAL MODELLING  
 
Once the research question has been determined, the model structure is developed; and health 
outcomes and cost data incorporated into the structure. The model calculates both costs and health 
outcomes, explores the robustness of the initial results generated and then examines the 
implications thereof (503). The common steps involved in decision analysis modelling are 
summarized in Figure 9.  
 
 
 
Figure 9. Steps involved in developing a decision analytical model 
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5.1 DEVELOPING THE MODEL STRUCTURE 
 
There is no clear guidance on the best structure of an economic model but rather, evidence suggests 
how the components of a modelling problem influences the most appropriate modelling approach 
which further directs the development of public health interventions (505-508). Models can be 
constructed allowing simulations to occur at cohort or aggregate level, or to allow the behaviour 
of individuals to be followed independently. Cohort-level models (e.g. Cohort Markov models) 
allocate individuals to compartments that dictate that individuals within a compartment are 
homogenous. Such compartment models are simpler and less resource-intensive to construct than 
individual-level models, but understandably have several drawbacks. For instance, the 
homogeneity assumption is not satisfied if future model states are determined by an individuals’ 
history and cohort models tend to be rather complex once several comorbidities are captured (502). 
Most modelling exercises tend to adopt a simple approach, with the notable exception of certain 
infectious disease modelling studies (508, 509). The modelling approach used depends on various 
factors, including the decision-maker’s requirements and the disease process being considered 
(507, 510, 511).  
 
5.1.1 Decision tree modelling    
Decision trees are a simple, commonly used decision modelling technique that is effective for 
uncomplicated scenarios being evaluated (503, 512). The interventions are displayed graphically 
with a series of pathways or branches (Figure 10). Terminal nodes indicate the end points of each 
pathway using triangular symbols;  to which values or pay-offs, such as costs, life years or QALYs, 
are assigned (512). Once the transition probabilities and pay-offs have been incorporated into the 
tree, the tree is averaged out to determine the calculation of the expected values of each option 
(513). While decision trees remain a simplistic and transparent technique of evaluation, they are 
limited by their lack of explicit time variable and their inability to handle recursion or looping 
within the tree such that chronic diseases marked by recurring events dramatically increase the 
complexity of the analysis (105, 502). 
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Figure 10. Illustrative example of a decision tree model 
The model was adapted from Salinas-Escudero et al. (514), and does represent the actual findings. A 
decision tree comprises modes, branches and outcomes. Decision node (□) - describes the problem, Chance 
node (○) – represents the point at which several possible events can occur, terminal node (∆) – represents 
the end of a tree with a pay-off attached. Branches from a chance node represent possible events patients 
may experience at that point in the tree. Branch probabilities represent the likelihood of each event. The 
sequence of chance nodes from left to right usually follows the sequence of events. The events stemming 
from a chance node must be mutually exclusive and probabilities should sum to 1.  
RDS - Respiratory Distress Syndrome 
 
5.1.2 Markov models  
Markov models are more adaptable than decision tree modelling and have been widely used to 
determine the costs and health outcomes of health related interventions, particularly recursive, 
complex or chronic disease (471, 515-517). In a Markov model, the disease being studied is 
categorized into distinct states, described by the transition of disease in nature, within a stochastic 
framework, over a specified period of time (referred to as the Markov cycle) (105, 470). Each 
potential health condition in the model is referred to as a Markov state.  The Markov states are 
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intended to represent important clinical and economic events that occur to patients over time, 
achieved by the allocation of costs and utilities allocated to each health state (105, 503, 518).  The 
model then simulates the transition of a hypothetical cohort of individuals through the Markov 
model over time, allowing the analyst to estimate the costs and outcomes (517). In each cycle, this 
is achieved by summing costs and outcomes across health states that are weighted by the 
proportion of the cohort expected to be in each state, and then finally summing across cycles (470). 
A time horizon of one year or more requires the application of discounting to generate the present 
values of expected costs and outcomes (502). The probability of remaining in a specified state or 
moving to another one in each cycle is governed by defined transition probabilities (502).  
 
Defining the health states; and determining the number of health states needed and duration of the 
cycles are dictated by the nature of the health problem (e.g. gastro-oesophageal reflux disease may 
require monthly cycles, whereas cervical cancer may need annual cycles) (519, 520). To end a 
Markov process, termination conditions need to be set.  This could be specified as a particular 
number of cycles, the proportion passing through or accumulating in a particular state, or the 
defined population reaching a state that cannot be left (e.g. death) that is referred to as an absorbing 
state (502).  
 
Cohort simulation represents the most simplistic application of the Markov process. The 
simulation commences with a proposed cohort of participants (e.g. 1000 individuals) that are 
initially assigned to different states and then transition from between states during each cycle, 
thereby establishing a redistribution of the initial cohort during each cycle (503). During the cycle, 
the data on how many patients have remained in different states are captured and the processes are 
repeated for several cycles to obtain summary results on patients’ spending in different states 
(503).  
 
Limitations to the Markov model 
Similar to any model, Markov models have limitations that must be overcome as models become 
more complex. An important limitation of the Markov model is what is referred to as the Markov 
assumption or the ‘memoryless’ feature of the Markov model where the transition probabilities 
depend on only the current health state, independent of historical experience (502, 521). 
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Additionally, the Markov model may apply two useful but infrequently used states viz. the tunnel 
and temporary. Temporary states are used when events have short, significant effects where 
participants remain in that state for at least a single cycle. Temporary states allows for the assigning 
of state specific transition probabilities and further allows for adjusted utilities and costs (503, 521, 
522). A tunnel state, where patients transition in a pre-determined sequence, is likened to the 
passage through a tunnel, and is generally applied when the temporary state persists for more than 
a single cycle (503). In the situation where a life-threatening disease is being modelled, future 
events would depend on past events, which is often lost in the ‘memoryless’ nature of the Markov 
model (470). The ‘tunnel state’ serves to circumvent this issue by enabling the integration of health 
experiences from the previous cycles, thus  implementing a degree of time-dependency into the 
model (523).  
 
The half-cycle correction 
The use of decision analytic software to implement discrete Markov models requires that 
transitions occur between simulated health states either at the beginning or at the end of each cycle 
(524). However, the usual assumption is that, on average, people will often transit between health 
states halfway through the cycle implying a systematic overestimation at the beginning of the cycle 
or a systematic underestimation when measured at the end (524-527).  The half-cycle correction 
(HCC), a method used to deal with the inaccuracy caused by inadequate cycle length in Markov 
models, appears to be the gold standard correction to address this situation (524, 525, 528, 529). 
The benefits (and futility) of HCCs have been widely published in the international literature (525, 
528). Although widely accepted, data shows that very few models actually incorporate the HCC 
(528). It was often the case that the ICER has changed by less than one percent when the HCC was 
employed and has had minimal effect on the net health benefit under certain circumstances, 
compared with the base-case scenario (524, 528). Additionally, standardizing the approach to the 
HCC remains problematic. Discounting presents a difficult prospect as the population distributions 
across the states becomes difficult to determine with larger populations in the first cycle and lower 
membership in all the others (524, 525). The result is that the discounted stream of populations 
within a state will always be too high (525)). Naimark et al. considers the best alternative to the 
HCC as no correction at all. Failing which, the adoption of a life-table approach or a correction 
based on Simpson’s rule (an arithmetical rule and method for numerical integration based on 
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estimating the area under a curve) (524). Barendregt considers the HCC correction to be “inelegant 
and baffling” in most circumstances and postulates the use of the life-table method as superior and 
easier to explain (525). 
 
5.1.3 Alternative approaches to the discussed cohort models 
Although Markov models, alone or in combination with decision trees, are widely applied in 
economic evaluations, several other approaches exist.  
 
Patient level simulation (or microsimulation) 
As the name suggests, patient level simulations track the progression of individuals rather than 
hypothetical cohorts within a model (502). In these models, the progression of potentially 
heterogeneous individuals and the accumulated history of each individual is used to determine the 
transitions, costs, and health outcomes (470, 507). Patient levels simulations are able to simulate 
the time to next event, rather than prescribing to equal cycle lengths, and additionally, are able to  
simulate multiple events occurring in parallel (507).  
 
Discrete event simulations  
Discrete event simulations (DES) describes the analyses of the disease progression of individuals 
through a resource constrained health care system with the aim of improving the organization of 
delivered services (530). The characteristics and outcomes are described over unrestricted time 
periods (507). The DES are not limited by the Markovian assumption (507). Unlike patient level 
simulation models, DES allows for individuals to interact with each other (e.g. in a transplant 
situation where organs are considered scarce, the transplant decisions and outcomes for any 
individual affects every individual in the queue) (510).  The DES is limited by its computational 
complexity (often resulting in attempts to gain insights translating into futile, ambiguous models), 
the integration of intense randomness into the simulation making it difficult to distinguish whether 
an observation is attributed to system interrelationships or merely randomness and lastly, the 
models can be time consuming and expensive (531).  
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Dynamic transmission models 
Dynamic transmission models (abbreviated to dynamic models) are able to reproduce the evolving 
direct and indirect effects (e.g. herd immunity) associated with communicable disease control 
programmes (532). The model allows for the internal feedback loops and time delays  that impact 
the behaviour of the entire health system or population associated with the communicable disease 
process (533). They differ from largely static models that assume a constant risk of infection, thus 
changing the likelihood of infection over time and more effectively representing the progression 
of disease in reality (534).  
 
5.2 ADDITIONAL MODEL CONSIDERATIONS  
 
5.2.1 Study perspective 
The perspective of a study determines the cost inputs considered, and the type of evaluation 
required. The patients’ perspective considers the costs borne by the patient to access health care 
including transport costs and the costs associated with taking time off work (e.g. loss of wages). 
A societal perspective assesses all medical and non-medical costs, including hospitalisation, home 
based care, social welfare, productivity and intangible costs (535). While the societal perspective 
is a more inclusive approach encompassing all costs incurred by the individual and the health care 
provider, it is a labour intensive one with the impact of the intervention on every individual in 
society difficult to quantify. The approach seeks to weigh the costs involved in delivering health 
care against the loss of productivity as a result of employees taking medical leave. The 
government/health care provider perspective (abbreviated to the provider perspective) includes all 
expenses that influence the provision of health care (535). These include costs related to human 
resources and the provision of medication, consumables, equipment and fixed assets. This is the 
perspective that informs decision-making. Implementation costs and CEA results regarding the 
new intervention are presented to the decision-makers and are weighed up against the opportunity 
cost of foregoing an alternate intervention. 
 
 
 
 
84 
 
5.2.2 Discounting 
Discounting is the concept of reducing the future value of costs and benefits to present values 
reflecting the fact that individuals in general have a positive rate of time preference for 
consumption now over consumption in the future (536, 537). Simply stated, it is based on the belief 
that society would opt to receive benefits sooner rather than later and pay costs later rather than 
sooner (537). The premise for discounting and indeed for the social rate of time preference is 
threefold: (i) myopia or pure rate of time preference reflecting the preference of society or an 
individual for consumption now due to impatience; (ii) time preference characterised by the 
inability to consume in the future due to death or catastrophe and (iii) as a result of economic 
growth, increased consumption now is more valuable than in the future i.e. the marginal welfare 
gain from each additional unit of consumption will be lower in the future comparatively (537-539).  
 
Estimating the present value of costs follows a discrete time formula:  
𝐶𝑜𝑠𝑡𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒  = ∑
𝐶𝑜𝑠𝑡
(1 + 𝑟)𝑡
𝑇
𝑡=0
                                                                                                   (Eq. 1) 
Where r is the discount rate and t is the time period when the cost occurs. 
 
It is common in cost-effectiveness studies that future health benefits and costs are discounted at 
the same rate, though this practice is contentious particularly when assessing vaccines (540, 541). 
The controversy lies in the fact that while vaccines prevent future disease from occurring, the costs 
and health benefits associated with its use fall in different time frames. Jit (2015) described this as 
the effects of vaccines occurring in a different generation to the one paying for them, and 
highlighted different time parameters for time of vaccination, infection aversion and disease 
aversion (542). As such, vaccination as an intervention differs considerably from other health 
interventions and the cost-effectiveness calculated would be particularly sensitive to discounting 
(541). While the topic of discounting in economic evaluations concerning vaccine interventions 
has been avidly debated (4-10), no formal change in the methodology has been proposed to date. 
The WHO recommendation of standardly discounting costs and health effects by 3% (with a 0-6% 
range of uncertainty) remains widely applied (537).   
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5.3 ASSIGNMENT OF PROBABILITIES, COSTS AND UTILITIES  
 
5.3.1 Assigning probabilities  
The source of probabilities varies. It includes the medical literature (e.g. relevant meta-analyses, 
clinical trials and observational studies), mathematical models, and expert opinions (503). Much 
of the difficulties around the assigning of transition probabilities lie in the fact that many are not 
available from the literature, and those that are available can’t easily be extrapolated to another 
population due to differing patient characteristics. Bayesian analysis, multivariate logistic 
regression analysis and survival models are some of the methods used to derive probabilities in 
mathematical modeling (543). Expert opinions, elicited via Delphi or modified Delphi methods, 
represent another vital source of information  (544, 545). There has been strong support for the use 
of hierarchical data emanating from the massive developments in evidence-based medicine. As 
such, the suggestion is that these data be prioritized as they have greater validity in assessing the 
effects of interventions. While RCTs generally represent the best evidence for health care 
intervention effects; observational studies, studies without controls, modelled probabilities and 
expert opinions seem to feature less prominently regarding their strength of evidence (503).  
Populating a model requires review of relevant evidence, and synthesizing the transition 
probabilities obtained appropriately into the model. The fact that probabilities are often obtained 
from different sources strengthens the requirement for uncertainty analysis.  
 
5.3.2 Assigning utilities and costs  
The last stage of model development is the assignment of values to the described health states. 
Assigning costs and health utilities are distinct processes. The utility ranges from 0 to 1 and is 
multiplied with a natural unit of measure (e.g. life-years gained [LYG]) to obtain a quality-adjusted 
life expectancy result attributed to the investigated health care intervention or product. Generally, 
there are three major techniques are used to measure the utility viz. the visual analogue scale 
(VAS), standard gamble (SG) and time trade-off (TTO) (546, 547).  
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Each state of the model has a specified cost attached to it. Variation in costs are ascribed to resource 
use and unit prices. Costs are included as weighted or as single costs. Weighted costing allows for 
adjustment and can thus be detailed and subsequently more transparent, but with the limitation that 
it requires intense documentation and calculation (503).  
 
5.4 CALCULATING COSTS, HEALTH OUTCOMES; AND INCREMENTAL 
ANALYSES 
 
The three main summary measures of effectiveness in economic appraisals are the QALY, 
disability-adjusted life year (DALY) and the LYG (Table 7). The LYG represents a modified 
mortality measure that takes remaining life expectancy into account. Greater weight is accrued to 
young populations as a young life saved yields a greater number of life-years than if an older 
person was considered. The method calculates the remaining life expectancy accrued from the 
instance that the death was averted. Life expectancy values are extracted from life-tables that are 
specific per region or standardized across larger settings. The LYG is a relatively simple method 
for measuring population health (548).  
 
While QALY and the DALY stem conceptually from the same framework, these concepts are not 
interchangeable as their underlying assumptions and methodologies differ (549). Each measure 
incorporates the trade-off between duration and quality of health in a single measure (548). The 
DALY combines the time lived with a disability and the time lost due to premature death (550).  
DALYs are a health outcome metric commonly used in developing countries (551, 552) where 
more than 90% percent of global disease burden is concentrated (553).   
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Table 7. Comparative table of the three main summary measures of effectiveness 
 
 Life-year gained 
(LYG) 
Quality-adjusted life year 
(QALY) 
Disability-adjusted life year 
(DALY) 
Definition A modified mortality 
measure that takes life 
expectancy into 
account.  
A generic measure of 
disease burden, including 
both the quality and the 
quantity of life lived. It is 
used in economic 
evaluation to assess the 
value for money of 
medical interventions. 
A measure of overall disease 
burden, expressed as the 
number of years lost due to 
ill-health, disability or early 
death. 
Measures Remaining life 
expectancy at the 
point that death was 
averted. 
The QOL in health gain Health loss in QOL 
Expressed as Either 1 or 0 where 
1 = perfect health, 
0 = death 
Either 1 or 0 where 
0 = perfect health, 
1 = death 
Considers Mortality and life 
expectancy 
Burden of death Mortality and morbidity 
Other  - Coverage and interpretation differs 
- Has validity and accuracy issues 
 
While South Africa is classified as a developing country (554), a systematic review conducted by 
Robberstad and Olsen (2010) described the use of the EuroQol EQ-5D health outcome 
measurement tool as appropriate for measuring health-related quality of life (HRQOL) of 
HIV/AIDS in Africa, thus suggesting the use of the QALY in the South African health context 
(555). The tool has been assessed for feasibility and reliability; and subsequently validated for 
South African use in adults and children through several studies covering a variety of conditions 
(e.g. haemophilia) (556-559).  
 
The number of QALYs lived by an individual in one year is denoted by Equation 2:  
 
QALYs lived in one year =  1 * Q with Q  1                                (Eq. 2) 
 
Where Q is the health-related quality of life weight attached to the relevant year of life (549).  
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The computer simulation was then developed to determine the incremental cost per QALY (ICER) 
of the current treatment strategies with and without vaccination, and is shown in Equation 3:  
 
ICER =  
𝐶2− 𝐶1
𝐸2− 𝐸1
=  
∆𝐶
∆𝐸
                                                   (Eq. 3) 
 
Where C1 and E1 = comparator costs and effects, and C2 and E2 = intervention costs and effects. 
 
5.4.1 What is cost utility analysis? 
Cost utility analysis is a method of economic evaluation where the effects of different interventions 
are measured using utility units (e.g. QALYs) (560). Utility measures account for both quality and 
quantity of life in a single measure and thus represents an improvement on the unidimensional 
CEA that accounts for either quantity of life or quality of life (560, 561). The development of the 
QALY framework addresses issues of allocative efficiency as health interventions in differing 
clinical areas may be effectively compared (562). The intervention found to have the lowest cost 
per QALY gained should be prioritised so as to maximise the number of QALYs gain from a 
limited health budget (560).  There are however, several concerns regarding the use of the QALY 
as a summary measure of health gain including its inability to account for issues of equity and the 
limitations to the benefits it may capture (563). Despite these concerns, the methodology remains 
widely in use and is the preferred evaluation method of the National Institute for Health and 
Clinical Excellence (560).  
 
5.5 EXPLORING UNCERTAINTY IN A MODEL 
 
Sensitivity analysis is vital in exploring the uncertainty of economic evaluation findings. The 
analysis aids in assessing the reliability of the study conclusions. Sensitivity analysis examines the 
robustness of the results. Results sensitive to a specific variable are explored to determine the 
degree of the sensitivity effect and if required, the model is appropriately revised (564).  
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5.5.1 Handling variability, uncertainty and heterogeneity  
The results generated in an analytical model are subject to the influences of variability, uncertainty, 
and heterogeneity, and these must be handled accordingly to ensure that decision-makers are 
confident about the cost-effectiveness estimates (105, 511).  
 
Variability (1st order uncertainty) represents the random variability in outcomes between similar 
patients (565). This variability, occasionally referred to as Monte Carlo uncertainty, does not 
provide any information and is negated by repeatedly running the model, thereby ensuring a stable 
estimate of the central tendency has been generated (566). Unlike variability, heterogeneity can 
explain in principle, to some degree, the differences between patients (i.e. differences in mortality 
between males and females) and does not represent a source of uncertainty (470).  
 
Uncertainty is distinct from variability and heterogeneity. Uncertainty is further considered as 
parameter or model uncertainty.  Parameter uncertainty relates to the uncertainty about the true 
numerical values of parameters used as inputs (e.g. transition probabilities, costs and health 
utilities) (508). This is often referred to as second order uncertainty to distinguish it from 
variability. Standard statistical methods would be used to represent the uncertainty of any estimate, 
but often does not give the full picture of the effects of joint uncertainty (105). This approach 
recognises that the data informing the parameter estimate follows a binomial distribution and thus, 
the standard error of the proportion can be obtained from the binomial distribution (Equation 4):  
 
𝑠𝑒(?̅?) = √?̅?(1 − ?̅?)/𝑛 .                        (Eq. 4) 
Where ?̅? is the estimated proportion and 𝑛 is the sample size and 𝑠𝑒 is the standard error.  
 
Model (or structural) uncertainty addresses the uncertainty occurring in the structure of the model 
and the assumptions that underpin it (502). The model-structure uncertainty also refers to the 
mathematical manner in which parameters are combined to estimate costs and/or effects. Model–
process uncertainty arises from the collation of decisions applied to the model through the entire 
process of analysis (508). Model uncertainty is assessed with sensitivity analysis – running the 
model with alternative structural assumptions (105).  
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5.5.2 Evaluating parameter uncertainty 
Briggs et al. proposed three main reasons to consider assessing uncertainty in a model: 
(i) Models often combine input parameters in different ways including addition, 
multiplication and as power functions. This results in models that are nonlinear with regard 
to those parameters.  
(ii) The possibility of uncertainty existing in the results of an analysis implies the possibility 
of making an incorrect decision, which imposes a cost in terms of benefits forgone.  
(iii) Policy changes have significant cost implications, with decision reversal being difficult or 
not possible.  
 
One-way (univariate) sensitivity analysis 
In deterministic sensitivity analysis, parameters are varied manually to test the sensitivity of the 
model outcome to specific parameter changes (565). This approach examines one variable at a 
time. The ICER is recalculated after calculating the base-case scenario with only a justified change 
applied to a single parameter (Figure 11). The process may be repeated with different parameters 
(473). A second type of one-way analysis is the ‘threshold analysis’ where the input parameters 
are varied over a range to determine the level below or above which the conclusions of the study 
change i.e. the ‘threshold’ point where neither of the decisions are favoured over the other (567).  
 
Figure 11. Illustrative one-
way sensitivity analysis 
 
The sensitivity of the ICER to 
different parameters is 
displayed. The numbers at the 
end of the bars reflect the range 
of values assessed in the 
sensitivity analysis [Source: 
Shelley, 2015 (568)]. 
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Multi-way (multivariate) sensitivity analysis 
Two-way analysis assesses two parameters that are common to the intervention being assessed 
simultaneously. A two-by-two matrix is developed reflecting the ICER for every potential 
combination for the variables; and the values that approximate a pre-determined willingness-to-
pay (WTP) for a unit of effect are identified (473). The ICER is determined for a combination of 
three parameter estimates in a three-way analysis (473). In this technique, one of the parameters is 
held at a particular value and the combination of the remaining two parameters is assessed against 
a pre-determined WTP per unit of effect (473). The process is repeated according to the number 
of values that needs to be assessed for the first variable (473). This is represented graphically by 
Figure 12.  
 
 
Figure 12. Illustrative example 
of multivariate (three-way) 
uncertainty analysis 
 
The sensitivity of cost per HIV 
infection averted (HIA) to unit cost, 
protective effect and epidemic 
multiplier is shown per male 
circumcision done. This is compared 
to the base value of $181 per HIA 
[Source: Kahn, 2006 (569)]. 
 
Probabilistic sensitivity analysis 
Probabilistic sensitivity analysis (PSA), using Monte Carlo simulations, integrates the probability 
distribution of key variables and generate a distribution of the anticipated results (570, 571). The 
PSA is the preferred method of assessing parameter uncertainty as all variables are estimates of 
the sample mean and sampling error gauged from the best available evidence (511, 565). The PSA 
is executed by running the model several thousand times (iterations), with the parameter values 
varied across specified distributions (e.g. for costs and effects) until a distribution has been 
constructed and confidence intervals can be assessed (502). The information derived from the PSA 
can graphically represented as cost-effectiveness acceptability curves (CEAC), which demonstrate 
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the probability that an intervention is cost-effective at an assumed maximum WTP for health gains 
(572). Further, in the event that a model has been derived from a single dataset, bootstrapping can 
be applied to the model uncertainty by repeatedly re-estimating the model outcomes using 
randomly drawn subsamples drawn with replacement from the full sample (502). The first two 
stages of the analysis involve the assigning of distributions to represent the uncertainty followed 
by the propagation of the uncertainty.  
 
 Assigning the distributions 
The type of parameter being considered dictates the choice and fitting distribution of the model 
parameters (Table 8). The idea is to match what is known about the model input with the 
characteristics of the distribution. Often this requires the use of the standard distributional 
assumptions employed to estimate confidence intervals. The selection of distributions for 
probability parameters are governed by two rules regarding the probabilities. The probabilities are 
limited to a value between zero and one and the probabilities of mutually exclusive events must 
sum one. However, a HIV-positive state can transition into AIDS, death or remain in the current 
state. The stages represent a multivariate generalization of the beta distribution with parameters 
equalling the number of categories in the multinomial distribution  (470).    
 
 Propagating the uncertainty 
The parameters are assumed to be assigned specific probability distributions in a second order 
Monte Carlo simulation (573). When conducting sensitivity analysis, parameter values are drawn 
based on the distributions to calculate the estimates required (573). As a stable estimate of the 
mean is required, the simulation is repeated a large number of times (≥ 1000) to obtain a 
distribution of the expected outcomes. This is normally achieved by non-parametric bootstrapping, 
a resampling procedure that randomly selects samples from the original data set with replacements 
(471). The repetition of this process a large number of times generates a vector of bootstrap 
replicates which represents the empirical estimate of the statistic’s sampling distribution allows 
for the generation of a confidence interval for the analyses (573).   
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Table 8. Fitting parameter distributions  
Distributions are assigned to match the characteristics of the parameter [Source: Briggs, 2006 (470)]. 
Distribution Parameters Values Skewness Uses Information Equations Graphic 
Normal 
 
 
 
 
 
2 parameters 
mean & SD 
Continuous  
unbound 
Symmetrical 
Mean, median & 
mode are equal 
Log odds ratio Central limit 
theorem1 
 
 
Log-normal 
 
 
 
 
 
 
2 parameters 
mean  & SD 
≥ 0 
continuous 
(+) skew; 
Median to the 
left of mean;  
variance dictates 
skewness  
Resource use, 
relative risk 
Natural log of 
value generates a 
normal 
distribution 
 
 
Gamma 2 parameters 
Shape & 
scale 
≥ 0 
continuous 
Flexible 
Symmetrical or 
(+) skew 
Cost 
parameters; 
mean rate of 
events 
Mean & SD data 
can be converted 
to shape an scale 
E(θ) = αβ = μ 
 
Var (θ) = αβ2 = s2 
 
Beta 3 parameters 
α, β & scale 
≥ 0 Flexible 
Symmetrical or  
(+) or (-) skew 
Probabilities, 
utility 
α & β equal the 
successes and 
failures in a 
sample of size n = 
α + β2 
𝐸(𝜃) =
𝛼
𝛼 + 𝛽
 
 
𝑉𝑎𝑟(𝜃) =
𝛼𝛽
(𝛼 + 𝛽)2(𝛼 + 𝛽 + 1)
 
 
1Central limit theorem: the sampling distribution of the mean will be normally distributed irrespective of the underlying distribution of the data with sufficient 
sample size. 
2where α = r, and β = n-r where r is the number of events observed 
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5.6 PRESENTATION AND INTERPRETATION OF RESULTS 
 
5.6.1 The problem with the ICER   
The ICER is the ratio of the difference in costs between two competing interventions to the 
difference in their effectiveness (where effectiveness is considered a clinically meaningful event 
by a patient such as survival time, QALYs or symptom-reduced days where a larger value implies 
a better outcome) (574).  
 
The ICER is a ratio statistic and as such, the estimation of a confidence interval is not clear cut 
(573). The problem arises with the non-negligible probability that the denominator could take a 
zero value (represented by red dots in Figure 13) and the ICER becomes unstable since a 
denominator value of zero would make the ICER infinite. The interpretation of negative ratios can 
also become ambiguous and the confidence interval may contain undefined values (472). The 
ICER also becomes difficult to interpret when the joint distribution of ∆C (incremental cost) and 
∆E (incremental effect) lies in more than one quadrant. For these reasons, an alternative method 
of graphical representation is needed.  An additional difficulty in the interpretation of the ICER is 
the concept of dominant vs. dominated interventions. As mentioned, dominant interventions have 
an ICER value higher than the next most effective intervention. Extendedly dominated 
interventions produce additional gains in effectiveness at higher incremental costs than those of 
the next most effective intervention (575).  In contrast, the concept of dominance represents a 
completely different scenario. An intervention that is less costly and more effective is considered 
a case of simple dominance. However, in a situation where two or more alternatives are compared 
with a base scenario and both comparative alternatives have higher costs and higher outcomes 
gained; the alternative with the better cost-outcome ratio is preferred or dominating. In a situation 
where two or more new alternatives are compared with the standard and the new alternatives show 
higher costs but also higher outcomes gained; the alternative with the better cost-outcome ratio is 
considered to be dominating. The situation described is one of extended dominance (576).   
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5.6.2 The cost-effectiveness plane 
Cost-effectiveness planes are a visual representation of incremental costs and effects and their 
uncertainty (577). The ∆C is plotted on the vertical (y) axis while the ∆E is plotted on the horizontal 
(x) axis. The advantage of the ∆E on the x-axis is that the slope of the line joining any point on the 
plane to the origin represents the ICER ratio (ICER = ∆C /∆E) which is often the statistic of interest 
in cost-effectiveness analyses (578). Figure 13 further shows the plane divided into four quadrants 
and labelled using the points of the compass. An intervention is assumed to ‘dominate’ the 
comparator if it is cheaper and more effective than the comparator, and would thus appear in the 
south-east (SE) quadrant (470). When the converse applies, the comparator ‘dominates’ the 
intervention and would appear in the north-west (NW) quadrant. It appears logical to select the 
cheaper and more effective option when presented with these two scenarios and no further analysis 
is required (470). Decisions need to be made when an intervention is more effective but also more 
expensive than the alternative raising questions as to whether the additional health benefit is worth 
the added cost. If the ICER of the new treatment appears below the threshold ratio of the decision-
maker, then the new treatment should be adopted. The threshold ratio is a notional amount that the 
decision-maker would be WTP for a unit of health gain and is denoted as λ (578). It should be 
borne in mind that the cost, effect and cost-effectiveness are not known with certainty but rather 
that the probabilistic models give a possible distribution of these values.  
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Figure 13. The incremental cost-effectiveness plane  
Each dot represents a pair of incremental costs and effects. NE - northeast, NW – north-west,  
SE – south-east, SW - southwest, λ - maximum acceptable ICER [Source: Fenwick, 2006 (579); Briggs, 
2004 (573); Hounton, 2012 (580)].  
 
5.6.3 Cost-effectiveness acceptability curves  
While the cost-effectiveness plane describes the option providing the highest level of expected 
benefit at differing costs, it is unable to visually display the uncertainty associated with the cost-
effectiveness (581). The CEAC more effectively depicts the uncertainty around the ICER (578). It 
shows the probability that an intervention is deemed cost-effective compared for a range of 
monetary values representing the decision-makers’ WTP (λ) (Figure 14) (582). The curve is 
constructed from the joint values of incremental cost and incremental effects usually estimated 
from non-parametric bootstrapping of the observed data (572). As mentioned, bootstrapping is a 
re-sampling procedure that generates a vector of bootstrap replicates of the parameter of interest, 
thereby generating the parameter’s sampling distribution (573).  
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The net monetary benefit (NMB) was then estimated using the estimations of cost and effect for 
that particular cost-effectiveness threshold (Equation 5): 
 
NMB = (λ*∆E) – ∆C                     (Eq. 5) 
 
Where λ is the WTP threshold; ∆E is the effectiveness and ∆C is the cost. 
 
The joint pairs that are cost-effective are plotted for a range of values of the cost-effectiveness 
threshold, thus characterising uncertainty by estimating the probability that an option is cost-
effective at differing levels of the threshold (572). The curve intersects the x axis at the probability 
that the intervention under consideration is cost-saving – the value of λ being zero implies that 
only cost impacts the cost-effectiveness calculation. The curve summarizes the evidence in favour 
of the cost-effectiveness of the intervention for every value of λ (470). Fenwick cautioned however 
that the option with the greatest probability of being cost-effective does not necessarily represent 
the option yielding the highest expected net benefit and thus the CEAC should not advise which 
treatment option is optimal (583).  
 
 
Figure 14. Illustrative 
example of cost-effectiveness 
acceptability curves 
 
The probability of different 
modality being cost-effective at 
different values of WTP (λ) 
[Source: Soeteman, 2010 (584)]. 
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5.6.4 Defining thresholds for cost-effectiveness analysis 
ICERs are often used as a measure of cost-effectiveness in public health economic evaluation. 
Compared to what? The ICER value has little relevance to decision-makers without a reference as 
to what would be considered too high. There are three general approaches to this problem (585): 
 
 Thresholds defined by per capital national incomes; 
 Benchmark interventions;  
 League tables 
 
The recommendation by the Macroeconomics Commission of Health to use thresholds based on  
Gross Domestic product (GDP) per capita has been promoted by the WHO CHOosing 
Interventions that are Cost-Effective (WHO-CHOICE) project and has since been widely adopted 
in economic evaluations where: (586, 587).  
 
 < 1 x GDP per capita =     very cost-effective 
 1-3 x GDP per capita =     cost-effective 
 >3 x GDP per capita  =     not cost-effective 
 
For the purposes of this thesis, the very cost-effective threshold (<1 x GDP per capita) was adopted, 
given the problem of easily attainability of the cost-effective (1-3 x GDP per capita) threshold 
(discussed below). The use of the GDP has several other significant shortcomings and alternatives 
have been proposed.   
 
Thresholds 
The threshold concept seeks to define the characteristics of a cost-effective and a very cost-
effective intervention by relating the GDP per capita to the return on investments in health (479, 
588). There are several advantages to this approach. Apart from the theoretical basis for the use of 
GDP, the argument for the human capital approach is strengthened by its application in many 
higher income countries including the UK, USA and Canada (589). The threshold also gives 
readers of these cost-effectiveness studies a benchmark that they may apply to judge other studies 
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(590).  Estimating costs, health consequences and ICERs provide guidance to policy makers in 
three plausible ways (585):  
 
(i) When the health-effect target is specified and the aim of the cost–effectiveness analysis 
would be to minimize the expenditure needed to achieve that target;  
(ii) In the event of a budget constraint being specified by decisions-makers, then the aim would 
be to maximize the health benefits whilst keeping expenditure within the noted constraints; 
and   
(iii) When policy-makers specify an explicit standard or threshold for what should be 
considered cost–effective. 
 
All three scenarios warrant prior decisions by decision-makers on health effects or cost targets or 
thresholds prior to the commencement of the economic evaluation (585). Without reference to 
such decisions, the cost–effectiveness analysis cannot be comprehensively applied to provide 
decision-makers with the full range of options that may represent potential good investments  
(585).  
 
However, the use of thresholds are not without question. The drawbacks to the use of GDP per 
include equity, affordability and neglect of the holistic approach to welfare (589). When 
considering equity, the use of GDP values life differently in economic terms across countries with 
different economic environments, thereby enforcing wide global inequities in health and wealth 
(589). Additionally, the GDP between the world's richest countries and poorest countries in terms 
of international dollars ($1; i.e. adjusted for purchasing power parity [PPP]) differs by two orders 
of magnitude (591). Further, exceptional prevailing conditions such as war, natural disaster and 
other negative economic impacts the lower average wage selectively, deepening the international 
inequities between affected areas and the rest of the world (589). In terms of affordability, using 
per capita GDP may lead to unsustainable total budgetary costs (592). This may translate to more 
effective but considerably more expensive interventions being suggested to replace the affordable, 
but inferior, option which may limit the number of people that may access the service (587, 593, 
594) with much of this investment been directed towards subsidizing patient costs allaying 
affordability concerns for both providers and patients.  Finally, Shillcut (2009) argues that a human 
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capital approach defines a person's life according to the monetary value they produce or receive 
for their contribution to society (589). Defining health by income ignores the other dimensions of 
life that can be argued to have utility. Simply put, it suggests indifference between a life-saving 
intervention, and one that increases an individual's projected discounted productivity by a 
percentage that offsets the intervention cost (595).  
 
Although it has been used widely, it has four major limitations (585, 596): 
1. Comparisons between interventions are ‘concealed’. While an intervention may be 
considered cost-effective in comparison to the GDP, it may not represent the best use of 
the national health budget and doesn’t account for the trade-offs.  
2. The threshold is easily attainable and far too many interventions would be deemed cost-
effective making the threshold an arbitrary measure.  
3. By defining the cost-effectiveness threshold based on a country’s per capita GDP, the 
assumption is made that the country is willing to pay up to that threshold for the health 
benefit. There is no concrete evidence to support this assumption or indeed, the 
willingness-to-pay.  
4. The question of affordability is not addressed and the threshold ignores the actual budget 
set aside by government for health programmes.   
 
Benchmark interventions 
An alternative to the GDP threshold is the use of a cost-effectiveness of a benchmark intervention 
already adopted in the country (585). In this approach, the cost-effectiveness is adjudged by 
retrospective analysis of existing practice as opposed to GDP per capita (597). Admittedly, the 
benchmark value does not consider affordability or the societal WTP for health benefits but does 
reflect an approach that has greater local relevance than thresholds based on GDP per capita (585).  
 
League tables 
League tables ignore threshold values completely and focus instead on getting the largest health 
impact for the budget (585). The principle is that a set of interventions would be chosen to 
maximise health effects, and are then ranked in a league table according to their ICER values 
(585). For a given budget, selection of the options begins at the top of the league table (smallest 
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ICER) and progresses down the list till the budget is exhausted (585). One drawback is that ICERs 
are sometimes not available for all interventions particularly in low-resource settings and often 
LMICs lack the expertise to interpret them (598). Another is the comparability of interventions 
evaluated in different contexts with different methodologies and different comparators. Estimating 
the cost-effectiveness of all relevant interventions is a labour-intensive task, even at national level 
and may be best considered to be conducted at a global level (e.g. WHO CHOICE) (598).  
 
6. MODEL LIFE-TABLE ANALYSIS 
 
6.1 INTERVENTION BENEFITS EXPLAINED BY MODEL LIFE-TABLE 
ANALYSIS 
 
Life-tables have been used since 1856 to describe mortality and survival patterns in a population. 
Using age or age group specific mortality ratios, the life-table is able to generate information on 
parameters such as the number of survivors, mortality rates and life expectancy. Life-tables are 
able to predict how many people of a certain age will reach the next age in a certain year (599). In 
the context of this PhD, life-tables are able to demonstrate differences in mortality and 
subsequently life expectancy with and without the effects of the intervention.   
 
6.2 ASSESSING HEALTH IMPACT USING LIFE-TABLES  
 
The life-table aims to provide a comprehensive description of mortality in a population, by 
utilizing age-specific death rates by age and sex (often obtained from vital registration or census 
data). The use of these model have significantly contributed to understanding mortality levels and 
patterns over the last half century, particularly in areas with very little demographic data (600). 
Various institutions including research and insurance organisations, pension funds and policy 
makers rely on life-table data to generate human mortality estimates (601). Life-tables adopt a 
stratified person-years approach to compare mortality in a certain population with the mortality in 
the whole population. It is the conventional way of conveying information regarding age-related 
mortality rates (602, 603). Model life-table systems are generated from analysis of a large 
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collection of historical mortality profiles (604). Model life-table are constructed to provide a 
system that gives schedules of mortality by sex and age that are defined by selected parameters. If 
the model is an adequate representation of reality, then the population characteristics can be 
surmised by the parameters of the model.  This facilitates the monitoring of variation in the 
population over time (600).  
 
Life-table models allow for comparisons between the population with and without the effect of an 
intervention. The columns in a life-table model contain the following variables: age, mortality 
ratio, number of survivors, number of deaths and the life expectancy. The first column invariably 
has the year of age, being annotated as age (x). The general notations used are described in Table 
9.    
 
Table 9. Life-table notation 
Explanation of the terms used in life-table analysis [Source: van der Meulen, 2012 (599)]. 
 
Notation Explanation 
nqx  = 
The mortality probability - probability of death between age (x) and the next age (x+n). 
this is the fundamental column of the table as other columns are derived from it (602).  
Ix  = 
Number of survivors recorded at age (x). This column often begins with a rounded, large 
number of lives and is called the radix of the table.  
ndx  = Number of people that die at age (x). 
nPx  = Total population in age (x). 
nMx  = Mortality rate associated with age (x). 
Tx  = Cumulative years lived from age (x).  
ex  = 
Life expectancy at age (x) or the average number of years lived by Ix lives starting from 
age (x) till their death (602). 
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6.3 DETAILED LIFE-TABLE CALCULATIONS  
 
6.3.1 Calculating the number of survivors and deaths in the table population 
The calculation of the ‘survivors’ column starts with age (x) population size.  
 
The number of people alive at age x+n (Ix+n) in the table is calculated by subtracting the people 
who have died between age (x) and x+n (ndx) from the number of people living at age x(Ix) 
(Equation 6):  
 
Ix+n = Ix – ndx                        (Eq. 6) 
 
The number of people who have died between age (x) and x+n in this formula (ndx) is obtained by 
multiplying the mortality probability between age (x) and x+n (nqx) by the number of people still 
living at the start of the interval (Ix) (Equation 7): 
 
ndx = (nqx) X (Ix)                      (Eq. 7) 
 
6.3.2 Calculating life expectancy 
The life expectancy is calculated using the variables of the people living and those who have died 
in the previous section. The life expectancy reflects the average number of years of life remaining 
at a certain age. In this calculation, the cumulative number of years of life remaining from the age 
(x) is also determined for the table population as is termed Tx. Simple division of the cumulative 
years of life (Tx) by the number of people still alive at this age (Ix) results in the average number 
of years of life remaining or life expectancy (ex) (Equation 8): 
 
ex = Tx / Ix                          (Eq. 8) 
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7. ETHICAL CONSIDERATIONS IN HEALTH ECONOMICS  
 
Economics is intrinsically interwoven with ethics as many value judgments arise in research and 
policy advice. Health economic specifically deals with scarcity of resources and the maximising 
of health care benefits (605). With the goal of universal health care being globally striven for, the 
WHO describes the concept as ‘all people receiving quality health services that meet their needs 
without being exposed to financial hardship in paying for them’(606). Voorhoeve clarifies issues 
of fairness arising on the path to universal care and argues that the principles of equitable coverage 
and service provision, benefit maximisation and fair contribution to health care costs are core 
(607). Norheim et al. describes fair health distribution as a combination of the weak principle of 
health equality and the principle of fair trade-offs (608). The weak principle of health equality 
suggests that health inequalities that are amenable to positive human intervention are unfair. When 
integrated with the principle of fair trade-offs, a more practicable understanding of health inequity 
is established. The principle of fair trade-offs states that weak equality of health is morally 
objectionable if continued reductions in weak health equality leads to unacceptable sacrifices in 
the overall health of the population, or results in unacceptable sacrifices of other goods considered 
important (e.g. education, employment and social security) (608). Daniels has determined that the 
health of societies is dependent on the distribution of social goods (i.e. the social determinants of 
health), stating further that social justice is required for population health and its fair distribution 
(609).   
 
Distributive justice is pertinent to the issue of who should be the beneficiaries of an effective HIV 
vaccine. Whilst efficacy is evaluated in young adults, it is clear that the roll out of an HIV vaccine 
regimen will occur in a step wise fashion, and an investment case will be required to understand 
who will benefit the most from an efficacious vaccine, given limited resources in the health sector 
to do a mass roll out at a population level, in a setting where there are no easy venues for access 
to vaccination. In addition, in the early phases of scale-up, the number of doses of a vaccine will 
be limited, thus an efficacious vaccine will have to be rationed and choices will be made. Our 
choice of a school based programme targeting adolescents to be the initial beneficiaries of an 
efficacious vaccine, is made for two reasons: 1) ease of roll-out in an already established adolescent 
school-based programme to maximise success, and 2) enabling the most vulnerable and susceptible 
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population to receive it first. Distributive justice is concerned with the socially just allocation of 
goods in a society (610). Distributive justice raises tensions between efficiency (maximising 
something subject to resource constraints) and equity (distributive fairness) (611). The focus is 
thus shifted from the individual (individual as a consumer) to that of the nation (individual as a 
citizen) (612).   
 
Rising health care costs leads practically to the setting of priorities in health care delivery (612). It 
is globally acknowledged that health care institutions encounter challenges in balancing health 
service delivery with financial solvency (613). It cannot be morally justifiable that people be 
denied health care that could potentially alleviate suffering based on their inability to afford it, 
increasing the relevance of ethical practices. Clinicians are inadvertently accustomed to this 
discriminatory practice as their training differentiates between those that would benefit 
substantially from a treatment as opposed to those benefitting marginally; thus setting clinical 
priorities (605). Costs play a pivotal role here, as they represent the sacrifices made by those 
potential patients who are not treated (614).  
 
Value of life is often quantified by the people’s WTP to avoid risk of danger to their lives. One 
shortcoming of this principle is that the lives of the poor (e.g. Indian citizens) are devalued 
compared with the rich (e.g. American citizens) because poor people have less that they can pay 
(615). The situation is not that straightforward as the ethical arguments are not separated from the 
economic arguments easily (615). Options where the levels of co-payments and cost-effectiveness 
thresholds are varied in populations’ runs the risk of creating a dichotomy between the rich and 
poor (616), distorting the distinction between fairness and fair distributions.  
 
Moosavi et al. concluded that if health and research centres plan and act on ethical principles, the 
social confidence will be established and will correspondingly result in an increase in social capital 
(617).  
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8. CONCLUSIONS 
 
Health economics is an important sub-discipline of economics that is linked to public health policy. 
The economic evaluation allows decision-makers to compare interventions based on cost-
effectiveness and value for money. This information is translated to impact on life expectancy and 
health outcomes. Uncertainty is factored into the model at several levels as all decisions have an 
inherent level of uncertainty associated with them.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
107 
 
CHAPTER 4 
 
METHODOLOGY 
 
 
1. INTRODUCTION 
 
This PhD comprises five journal publications, the first of which was embodied in Chapter 2: 
Literature Review (169). This chapter describes the methodology used in the study encompassing 
the model development, integration of variables and interventions, data analysis and finally, the 
model uncertainty and limitations. The methodology was designed to address the study objectives 
and complied with the guidelines stipulated in the Consolidated Health Economic Evaluation 
Reporting Standards (CHEERS) statement (618).   
 
2. STUDY OVERVIEW 
 
2.1 STUDY SETTING AND POPULATION  
 
The global gains made in reducing the burden of HIV disease has been threatened by the critical 
epidemics of HIV that  have been propagated among pockets of young women and girls in SSA 
(285). Adolescent girls in South Africa are historically socially and economically vulnerable - a 
vulnerability that often translates into them relinquishing control over the timing and 
circumstances of sex and increasing their susceptibility to HIV (619, 620).  Adolescent boys are 
not exempt from this high risk of HIV given their predilection to the early onset of sexual activity 
(approx. 14 years compared to girls at 15 years) that is often associated with erratic patterns of 
condom use (150, 151). It is against this backdrop that the introduction of the HIV vaccination 
programme administered to adolescents was considered utilitarian. The premise behind the school-
based vaccination concept was that the target population was not only relatively stable and 
accessible, but may be reached potentially prior to the onset of sexual activity. While HPV disease 
shares several risk factors with HIV, females were more likely to develop significant morbidity 
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and mortality associated with HPV acquisition than males later in life (621). It would be important 
to consider the impact of the HIV vaccine in both male and female adolescent counterparts. 
However, the HPV vaccine was earmarked for administration to the adolescent female population 
only, where it was shown to be significantly cost-effective (622). South Africa has the highest rates 
of cervical cancer incidence and mortality globally (92). While the disease manifests clinically 
much later in life, it is the disease acquisition in early life that the HPV vaccine programme wishes 
to target (274). Vaccine implementation was considered individually and in combination among 
school-going populations in the South African PHC sector. The vaccine programme would be an 
important cog of the SRH platform developed at schools to re-engineer PHC within the South 
African borders (154).  
 
2.2 STUDY PERSPECTIVE 
 
The provider perspective accounts for all expenses influencing the provision of health care (535). 
These include costs related to human resources and the provision of medication, consumables, 
equipment and fixed assets. Implementation costs and CEA results regarding the new intervention 
are presented to the decision-makers and are weighed up against the opportunity cost of foregoing 
an alternate intervention. Therefore, as this is the perspective that informs decision-making and 
influences potential policy changes, it was the perspective adopted by this body of work.  
 
2.3 COMPARATOR AND INTERVENTION 
 
Despite the existing epidemiological link between HIV and HPV disease, the diseases are largely 
considered in isolation. The ‘current’ HPV programme is represented by the 2001 National 
Guideline for Cervical Cancer Screening Programme which sought to perform three lifetime Pap 
smears targeting 70% of women aged 30 years and older at 10 year intervals (246). The uptake of 
this programme has been poor, and fraught with infrastructural, human resource and accessibility 
issues (17). With the escalating burden of HIV disease, the guideline applied to the cervical 
screening of HIV-positive  women was revised to an annual assessment (247) in lieu of the 
synergistic, pathological association of HIV and cervical cancer (463). Once cervical disease was 
identified by screening, patients were channelled into government sector clinics and hospitals for 
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definitive management. Both programmes outlined are simultaneously implemented, though the 
2001 national cervical screening guideline is currently undergoing revision. Unlike the cervical 
screening policies, the HIV portfolio is widely diversified and frequently updated; concentrating 
on the provision of both primary (preventive) and secondary (curative) services. The HPV and 
HIV vaccine strategy would serve to complement the existing standard of care described. While 
the school health programme does not represent the only portal of entry for these vaccines, it does 
target a highly susceptible adolescent population with inadequate access to health care services 
documented, despite the dire need for it (151). This study investigated the cost-effectiveness of the 
HIV vaccine strategy and then considered the dual vaccination strategy.  
 
For the purposes of Chapters 5-7, the vaccination initiatives were compared with the current 
standard of ART delivery. This was defined as 29% ART coverage with access to HIV testing and 
care provided at all government facilities (97). Chapter 8 explored the cost-effectiveness of the 
vaccine strategies compared with other biomedical interventions (viz. PrEP and VMMC) tested in 
the South African context.   
 
2.4 DISCOUNT RATE 
 
Discounting involves the process of converting future values (e.g. costs and health effects) to their 
present value reflecting that society in general has a positive time preference (537). Discounting 
poses a particular challenge to economic evaluation of prevention interventions because spending 
is usually immediate, but the health translation of the intervention is usually seen many years later 
(623). Although it is widely accepted that costs and health effects should be discounted in 
economic evaluations, disagreement exists around the rate at which health effects should be 
discounted (540). While differential rates of discounting for costs and health benefits have been 
suggested, the WHO-CHOICE and others recommend the use of the same rate of discounting for 
costs and health effects (3%) with a range of  0-6% explored in the sensitivity analysis (537). They 
contend that applying a standard discount rate allows for greater comparability across studies 
(537). The analysis in this PhD applied this principle with a standard discounting rate of 3% to 
costs and health effects annually and undertook a sensitivity analysis of the discounting rate 
ranging from 0-6%.   
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3. OUTCOME MEASURES 
 
3.1 CHOICE OF HEALTH OUTCOMES  
 
As mentioned, the three main summary measures of effectiveness in economic appraisals are the 
QALY, DALY and the LYG. The QALY incorporates survival and HRQOL into a single summary 
measure of health that informs decision-making about the relative value for money of health care 
interventions (624). It is a standard measure of health outcome that enables comparisons across 
different populations and different disease areas (563). The QALY is estimated by calculating the 
total LYG from an intervention and then each year multiplied by a quality of life score (where 0 = 
worst health and 1 = best health) to reflect the quality of life in that year (130). This information 
formed the decision to use the QALY as the outcome measure for this PhD.  
 
3.2 MEASUREMENT OF EFFECTIVENESS 
 
Generally, ‘intervention effectiveness’ is defined as the ability of the intervention being assessed 
to reduce the acquisition of disease among susceptible, uninfected individuals according to the 
values determined by clinical trials (625). The bivalent vaccine [Cervarix® (GlaxoSmithKline 
Biologicals, Rixensart, Belgium)] contains the VLP types 16 /18 that have been implicated in 64% 
of cervical cancer is South Africa (92). Analyses of the two completed Phase III trials of HPV 
VLP vaccines in young women exhibited impressive safety and immunogenicity profiles (252). 
The efficacy modelled in this PhD was chosen from the PATRICIA study (274) rather than the 
Costa Rica HPV Vaccine Trial (CVT) (626) as the study criteria of PATRICIA more closely 
resembled that of this economic evaluation. Table 10 presents the differences considered between 
the PATRICIA and CVT study and denotes the effectiveness measures used in this modelling 
exercise (shaded area). While the studies were not conducted in the primary target populations of 
the vaccination programmes being considered in this analysis (adolescent boys and girls) for 
practical reasons, the immunogenicity bridging studies have demonstrated excellent safety, strong 
immune responses and documented durable antibody responses that have translated into protection 
in young adults (627-630).  
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Table 10. Differences in Phase III efficacy HPV bivalent vaccine studies in young women 
The PATRICIA efficacy measures (shaded) were adopted in the economic evaluation as the primary end-
points and study inclusion criteria more closely reflected the parameters considered in model (274, 631).  
 PATRICIA CVT Rationale for 
PATRICIA choice  
Vaccine Cervarix Cervarix Bivalent vaccine 
currently being 
implemented in SA 
government schools  
VLP types 16/18 16/18 
No. study sites 135 7 Findings have greater 
generalisability with 
more study sites and 
countries 
No. countries 14 1 
Age 15 – 25 18 - 25 Younger age group 
considered in analysis 
Lifetime no. 
sexual partners 
 6 No restriction 
Reflects the assumed 
sexual naivety of the 
adolescent group 
Primary 
endpoints 
 Incident HPV 16/18 
associated CIN2+ or greater 
 Incident 12 mo. persistent 
HPV 16/18 infection 
Considered the long-
term implications of 
HPV disease 
Protection 
afforded 
Total Vaccine Cohort Intention-to-treat 
Health states 
integrated into the  
Markov model 
 % Efficacy (95% CI) 
Rate 
reduction 
 % Efficacy (95% CI) 
Rate 
reduction 
CIN2+ 60.7 (49.6-69.5) 0.43 All 49.0 (38.1-58.1) 3.90 
CIN3+ 45.7 (22.9-62.2) 0.13 18-19 68.9 (53.1-79.9) 5.20 
AIS 70.0 (-16.6-94.7) 0.02 20-21 42.8 (17.9-60.6) 3.60 
   
22-23 51.5 (28.4-67.7) 4.70 
   24-25 21.8 (16.9-47.9) 1.60 
 
The work being presented in this PhD remains contrary to this traditional definition of 
‘intervention effectiveness’ in two important ways. Firstly, the hypothetical HIV vaccine being 
discussed is being implemented in Phase I trials currently. The characteristics of the HIV vaccine 
considered in the economic evaluation are in keeping the target product profile formulated by the 
P5, a diverse collaboration of organisations founded under the Global HIV Vaccine Enterprise to 
promote research based on the foundation of the RV144 trial and to draw collaboration globally to 
assess HIV vaccine candidates going forward (372). Secondly, the joint effectiveness of two 
separate interventions is rarely assessed in a clinical trial setting. Long and Stavert suggested the 
use of mathematical modelling to evaluate the joint effectiveness of two interventions under 
different assumptions in the absence of pre-existing data (625). Their initial approach is to assume 
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the efficacy is multiplicative (e.g. if VMMC is 50% effective and PrEP 67%, then the combined 
effectiveness is calculated as in Equation 9 (625):  
 
Joint effectiveness = 1 – [(1 – 50%)* (1 – 67%)] = 83.5%                    (Eq.9) 
 
A more conservative approach is adopted in the sensitivity analysis where the maximal 
effectiveness is adopted. Using the above example, the combined effectiveness is described in 
Equation 10 (625):  
 
Combined effectiveness is max (50%, 67%) = 67%                                                      (Eq. 10) 
 
Wider confidence intervals are often yielded under the experimental settings of clinical trials. The 
purpose of the PSA remains to explore whether these efficacies of interventions would still hold 
in real-life settings (625).  
 
The WTP threshold or threshold ratio (λ) represents the amount that decision-makers would be 
willing to pay per gain in QALY (632). The most conventionally used measure, the GDP per 
capita, poses several major limitations that were discussed in Chapter 3 (Section 5.6.4: Defining 
thresholds for cost-effectiveness analysis).  In order to more accurately represent the economic 
evaluation of the HIV and HPV vaccine strategies, it was decided to benchmark the CEA against 
the cost-effectiveness of VMMC (an intervention deemed highly cost-effective in the South 
African setting) rather than use the GDP per capita alone (585). The biomedical HIV prevention 
interventions of VMMC and PrEP were compared with the current coverage of ART and against 
a potential scale-up of ART coverage in terms of infections averted, change in mortality and cost 
per QALY predicted over a ten year period. This is comprehensively discussed in Chapter 8.  
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3.3 MEASUREMENT AND VALUATION OF PREFERENCE BASED OUTCOMES 
 
It is often difficult to determine which weights should be adopted into a cost-utility analysis 
considering the heterogeneity found in study characteristics of similar studies.  Several studies 
have reported quality-of-life estimates for HIV infection and AIDS. Tengs and Lin conducted a 
meta-analysis to derive pooled utilities for HIV/AIDS that may be used for cost-utility analyses of 
HIV-related interventions (633). Similar pooled utility measures for HPV-related disease states do 
not exist in South Africa. Instead, quality of life weights from the available literature was adopted. 
The utility weights for both diseases appear in Table 11.  
 
Table 11. Utility weights for HIV and HPV-related disease 
The table describes the health-related quality of life weights for the different health states of both diseases. 
 
Parameters Estimate Country Published Reference 
Full health 1    
HPV disease     
LSIL 0.91 
USA 2007 (122) HSIL 0.87 
Cancer survivor 0.84 
Cancer  0.65 USA 2004 (266) 
HIV disease     
Asymptomatic 0.94 
Meta-analysis 
(25 articles 
published  from 
1985 – 2000) 
2002 (633) Symptomatic 0.82 
AIDS 0.70 
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4. STUDY INPUTS 
 
4.1 ESTIMATING RESOURCES AND COSTS 
 
As established thus far, the economic cost of vaccination services delivered at school, as part of a 
school-based SRH platform, was estimated from the provider’s perspective using an ingredients-
based costing approach in the South African public sector.  
 
Cost inputs regarding the HIV intervention included HIV testing, pre-and post-test counselling, 
the cost of the actual vaccine dose, vaccine delivery and the human resources required to deliver 
such services. Overhead costs were omitted in the school-based programmes. Participants found 
to be HIV-positive were worked up for and initiated on ART by the school nurse if indicated. 
Those ineligible for ART received the standard of care prescribed by the 2013 South African HIV 
Treatment Guideline (247). Besides the actual ART drugs, the costing included adherence 
counselling and the laboratory monitoring specified by the national HIV treatment guideline at 
each appointment (247). Those found to be HIV-negative would receive the applicable risk-
reduction counselling. In the absence of the HIV vaccine, all procedures mentioned above would 
be adhered to without the vaccine intervention itself.    
 
The 2001 National Guideline for Cervical Cancer Screening Programme was introduced under 
Chapter 4 (Section 2.3 Comparator and Intervention). As mentioned previously, the deleterious 
impact of HIV on cervical disease has necessitated more aggressive cervical screening practices 
with annual Pap smears being the current recommendation proposed by the HIV treatment 
guidelines (247, 463). Unlike the HIV vaccine, there would be no prior screening of adolescent 
girls prior to the administration of the HPV vaccine. Screening young, sexually naïve girls by Pap 
smear is generally not recommended as cervical cancer is extremely rare under the age of 21 years; 
most abnormal lesions in this age group spontaneously regress and interventions targeting 
abnormal cervical cytology can result in undue anxiety and potential pregnancy complications in 
the future (634). HPV DNA blood testing would prove financially prohibitive in a potential 
national roll-out of this programme (635, 636). However, the fact that young South African girls 
have a concerning incidence of non-consensual sexual encounters at an early age brings into 
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question the HPV vaccines overall efficacy that is diminished in light of previous exposure to HPV 
types/strains (252, 254). The HPV vaccine programme would include pre-counselling and vaccine 
administration. Costs relating to vaccine delivery (e.g. syringes, needles, human resources) were 
considered. Several of these accounts overlap with the HIV vaccine service and these were 
accounted for in the model (e.g. one unit of pre-counselling would occur prior to both vaccines for 
efficiency).  
 
While the model assumed full adherence to medication and visiting schedules when representing 
costs, the sensitivity analyses conducted on the cost assumptions may realistically reflect potential 
lower uptake of these health services as is sometimes the expected behaviour in a non-clinical trial 
environment (623).  The development of the school-based health service was initially outlined in 
the ISHP in 2012 (153). It is unclear what progress or coverage the programme has achieved to 
date. Suffice to say, the start-up costs for a school-based programme would be considerable when 
considering provider education and recruitment of personnel. These costs were not considered in 
the cost-effectiveness models but should rather be the subject of budget impact studies (623). Key 
study input values are discussed below.  
 
4.1.1 Epidemiology  
HIV: The South African HIV epidemic remains the largest in the world with a national prevalence 
of 12% and approximately 396 000 new cases occurring in 2012 (300). A 75% increase in ART 
uptake was reported between 2009 and 2011 with a resultant 2 002 000 people on ART in 2012 
(97, 299). Despite this, there remains a 58% shortfall in treatment access (300). HIV-related 
mortality remained high, with approximately 35% of deaths attributable to the disease in 2012 
(637).   
 
HPV: While the numbers affected by HPV disease appears deceptively small, the synergistic 
relationship between HIV and HPV should not be underestimated. South African cervical cancer 
incidence and mortality rates are higher than global average estimates and the disease is the highest 
cause of cancer-related mortality among women aged 15-44 years in South Africa (92). 
Approximately 64% of cervical cancer cases in South Africa are HPV 16, 18 positive (92).  Table 
12 described the epidemiological parameters considered. 
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Table 12. Relevant South African epidemiology 
The table describes the relevant general, HIV-related and HPV-related parameters sourced from the 
literature as indicated.  These 2012 estimates were drawn from the South African literature.  
 Total Male Female Reference 
General 
Population 52 274 945 100% 25 453 074 48.7% 26 821 871 51.3% (97) 
Life expectancy  67.4 - 64.1 - 70.6 - (637) 
Mortality  1.48% - 1.56% - 1.42% - (637) 
HIV-related disease 
Incidence  396 000 1.72% 145 000 1.21% 251 000 2.28% (97) 
Prevalence 6 422 000 12.20% 2 531 000 9.90% 3 873 000 14.40% (97) 
On ART 2 002 000 29.00% 651 000 25.70% 1 344 000 34.70% (97) 
Life expectancy  59.3 - 57.3 - 61.3 - (637) 
Mortality 1.69% - 1.75% - 1.63% - (637) 
Related mortality 203 293 35.30% - - - - (637) 
HPV-related disease (Cervical cancer statistics) 
Women at risk of cervical cancer (≥ 15 years) 19.43 million  (92) 
Crude incidence 30.2 / 100 000  (92) 
Annual cases  7 735  (92) 
Crude mortality   16.6 / 100 000  (92) 
Annual deaths  4 248  (92) 
Prevalence (%) of HPV 16 and/or 18 with cervical cancer 63.90%  (92) 
*generic population epidemiological estimates are given here. Age-specific estimates were used in the calculations. 
 
 
4.1.2 Economic considerations 
An ingredients based costing approach was employed for most parameters while some estimates 
were obtained from the literature as referenced. To ensure meaningful and consistent monetary 
quantities, local costs were adjusted to 2012 using South African inflation indices. Costs and 
outcomes were adjusted at 3% p.a. (range: 0-6%) respectively in keeping the WHO-CHOICE 
recommendations (537). The vaccine delivery cost, including pharmaceutical, human resources 
and laboratory costs, was calculated at US$ 17 (the micro-costing elements of this total appears in 
Appendix A). Further, the base HIV vaccine cost was estimated at US$ 12 (the range of costs 
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assessed in this evaluation [US$ 2 – 24] is shown in Annexure A). Table 13 describes the costs 
and economic considerations included in the evaluation. 
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Table 13. Parameter costs and economic considerations used in this analysis 
The values in Table 13 were drawn from the South African literature for 2012.  
Economics Value Range Reference 
Cost 3.0% (0 – 6%) (537) 
Outcome 3.0% (0 – 6%) (537) 
International comparison (ZAR: 1US$) ZAR 8.21  (591) 
HIV disease related costs Distribution Value Reference 
HIV prevention programme    
HIV vaccine* - 12 (164) 
Vaccine delivery per dose*  Gamma 17 (638-642) 
Existing prevention programme (incl. HR) Gamma 65 (639-643) 
HIV counselling and testing (HCT) (per test) Gamma 23 (639, 640) 
Cost of HIV rapid testing Gamma 1 (639, 640) 
Current HIV programme (annual costs)    
Asymptomatic treatment (not on ARV) Gamma 131 (247, 643) 
Symptomatic treatment (not on ARV) Gamma 137 (247, 643) 
AIDS treatment (not on ARV) Gamma 182 (247, 643) 
Patient on ARV (average) Gamma 424 (247, 644) 
ART cost (annual)    
First-line regimen Gamma 10 (644) 
Second-line regimen Gamma 27 (644) 
Third-line regimen Gamma 173 (644) 
Laboratory costs (annual)    
First-line regimen (first year) Gamma 17 (247, 643) 
First-line regimen (subsequent years) Gamma 46 (247, 643) 
Second-line regimen Gamma 46 (247, 643) 
Third-line regimen Gamma 92 (247, 643) 
Not on ARV Gamma 65 (643) 
HPV-related disease Distribution Value Reference 
HPV prevention programme    
Cervical screening Gamma 82 (640, 643) 
HPV vaccine - 17 (645) 
Vaccine delivery per dose* Gamma 17 (638, 640) 
Treatment costs    
HSIL Gamma 942 (130) 
Cervical cancer Gamma 7329 (130) 
*Annexure A outlines the costing structures used 
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4.1.3 Health care  
HIV: The study assumed global uptake of voluntary HCT services offered in the school 
programme. The uptake of ART was considered 29% (300). The programme was delivered as an 
out-patient service with the number of annual visits directed by the extent of disease (646).  
 
HPV: At 13%, the uptake of cervical screening services has been poor and significantly lower 
than the anticipated screening target of 70% (92, 246). A sensitivity analyses was conducted at 
various coverage rates of vaccination achieved. Most lesions spontaneously regress, but in some, 
the HPV disease has a protracted latent phase (10-20 years) and disease manifestation commonly 
occurs several years after initial infection (647, 648). As the study adopted a lifetime horizon, the 
treatment costs of clinical disease were calculated with and without the HPV vaccination. 
 
The parameters are shown in Table 14.  
 
Table 14. Health care parameters used in the modelling process 
Underlying principles adopted into the economic evaluation. The same set of parameters was applied to all 
models. The values in Table 14 were drawn from the South African literature for 2012.  
 
Parameters Value  Reference 
Health care    
Cervical screening 13.60%  (92) 
ARV uptake  29.00%  (300) 
HPV treatment 35.30%  (250) 
Reduction in disease progression with ART 46.00%  (649) 
 
4.1.4 Vaccine characteristics 
HIV: The HIV vaccine described is hypothetical. The vaccine that was assessed represents the 
target product profile of the P5 and embodies the minimum characteristics that would recognise 
the vaccine as a potential candidate for licensure. An annual booster was included in the analyses 
given the documented waning of vaccine protective effect documented in the RV144/Thai trial 12 
months following vaccine administration (339). While it is anticipated that the booster vaccination 
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would afford duration of protection exceeding a year, the annual booster (for the purposes of this 
study) represents merely an overestimation of costs than if the booster were administered less 
frequently.  
 
HPV: The bivalent HPV vaccine has been used in this analysis, despite the availability of a 
quadrivalent vaccine (in South Africa) and the American Food and Drug Administration (FDA) 
approval of the use of the nonavalent (nine valent) vaccine – both of which covers additional 
serotypes. The bivalent vaccine has already been introduced as part of the national government 
programme to deliver HPV vaccines to school-going adolescents and these analyses would project 
the potential health outcomes of this programme (650). Further, the majority of the South African 
cervical cancer disease burden (64%) can be attributed to the HPV 16, 18 serotypes contained in 
the bivalent vaccine, thus justifying the its use (92). The analysis was intended to assess the health 
impacts of an extended coverage of the existing programme. The cost-effectiveness of the HPV 
vaccine is without question, but this cost-effectiveness has been widely limited to use in adolescent 
females only; and not in their male counterparts (281, 282, 284). The parameters are shown in 
Table 15. 
 
Table 15. Vaccine characteristics used in the modelling process 
Underlying principles adopted into the economic evaluation. The same set of parameters was applied to all 
models. The estimates were obtained from relevant South African literature for the year 2012.  
Parameters Value (Range)  Reference 
Vaccine characteristics     
Coverage 60% (30 – 70)   assumption 
HPV vaccine efficacy 70% (45 – 99)  (274) 
HIV vaccine efficacy 50% (30 – 70)   assumption 
 
4.1.5 Disease transitions 
The HIV and HPV disease transitions had to be considered independently and in combination 
because of the well documented relationship existing between HIV and HPV (459, 463, 651, 652).  
The acquisition of each disease is enhanced in the presence of the other but also progresses more 
rapidly and aggressively (653-655). Primary data obtained from a cohort of HIV-infected adults 
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from Soweto was analysed to quantify the degree of disease acquisition and progression when 
HIV-positive cohort attending a wellness clinic were routinely screened for cervical disease (51, 
268). The HIV stages used in this model were guided by the WHO staging criteria and were 
documented as asymptomatic, symptomatic and AIDS defining (310). Every stage could 
potentially access ART and the treatment pool was sub-categorized into Regimens one, two and 
three. The transition probabilities among the HIV states and subsequently among the treatment 
regimens were obtained from the literature. Similarly, the HPV-related cervical disease was staged 
using the Bethesda Classification and annotated as normal, low-grade intraepithelial lesions 
(LSIL), high-grade intraepithelial lesions (HSIL) and cervical cancer (270, 656). Recurrences in 
HPV disease among HIV-positive individuals were known to occur and were accounted for in the 
modelling process. The parameters are shown in Table 16.  
 
4.2 CURRENCY, DATE AND CONVERSION 
 
All costs were reported for the year 2012 as this was the most recent year that a substantial amount 
of the costing and epidemiological data could be acquired for. The average exchange rate for the 
South African Rand (ZAR) to the United States dollar (US$) was applied. Costs were converted 
into the equivalent value for the 2012 US$ where (US$ 1 = ZAR 8.21) allowing for international 
comparison (Table 13: Economics) (591). The WHO CEA recommends the use of the health 
component of the GDP deflator to adjust costs to a common year, but also endorses the use of the 
consumer price index (CPI) (537).  The key difference between the concepts  are that the GDP 
Deflator reflects prices of all goods and services currently produced within the country, whereas 
the CPI reflects the prices of a representative basket of goods  (fixed) and services purchased by 
the consumers. Comparatively speaking, the CPI represents an incomplete aggregate measure but 
does actually account for 60% of the economy’s production that is purchased by most urban users 
(657). Costs were inflation adjusted to the year 2012 using the CPI. As South Africa has not 
determined a WTP threshold, the GDP value of US$ 7 508 (ZAR 61 641) per QALY gained was 
adopted. The use of the GDP concept, which finds its roots in the value of statistical life literature, 
was intended to represent the  value of each additional healthy year accrued (587). The use of GDP 
per capita as the threshold value of effectiveness in Chapter 6 against the outcome measure of cost 
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per LYG was considered justified considering there are no other definitive indications of cost-
effectiveness in South Africa. 
 
Table 16. Transition probabilities showing annual disease progression risk 
Disease transition from one health state to the next is shown in Table 16.  The estimates were drawn from 
the South African literature for 2012.  
Parameter Distribution Estimate Reference 
HIV-related    
Change in HIV disease state    
Asymptomatic to symptomatic Beta 0.32 (658) 
Symptomatic to AIDS Beta 0.20 (659) 
AIDS to death Beta 0.21 (658) 
Change in drug regimens    
First-line to second-line Beta 0.10 (659) 
Second-line to third-line Beta 0.01 (660) 
Dual disease    
HIV-negative    
Development of LSIL Beta 0.03 (651) 
Progression of LSIL to HSIL Beta 0.02 (651) 
Progression of HSIL to cancer Beta 0.04 (250) 
Cancer mortality Beta 0.11 (636) 
HIV-positive     
HIV incidence in general population Beta 0.02 (97) 
HIV incidence in HPV disease Beta 0.05 (651) 
Development of LSIL Beta 0.14 (51, 268) 
Progression of LSIL to HSIL Beta 0.06 (51, 268) 
Progression of HSIL to cancer Beta 0.08 (651) 
Cancer mortality Beta 0.60 (661) 
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5. MODEL BASED ECONOMIC EVALUATION 
 
5.1 CHOICE OF MODEL 
 
Markov models were used to represent the study structures. Semi-Markov models, in particular, 
were chosen as it allowed for the addition of tunnel states to counter the ‘memoryless’ nature of 
the Markov model and also allowed for recurrent disease to be modelled. The models were 
designed to reflect reality as closely as possible. The models were run over a 70 year time period, 
congruent with the current South African life expectancy. The cycle length adopted was a year.  
 
Model 1 was used for Objective 1 and is depicted in Figure 15. The model examined the impact 
of HIV vaccination alone (intervention) on the South African school-going adolescent population 
and the outcomes were stratified by gender. The vaccine was offered voluntarily to the adolescents 
aged nine years or older. The model consisted of eight health states. Individuals entered the model 
HIV uninfected and healthy (State 1). They then transitioned into a vaccinated (State 2) or 
unvaccinated (State 3) state depending on the coverage rate. Individuals in either of these states 
could enter into the asymptomatic HIV state (State 4). This is represented by the oval shape to 
emphasize that this is a primary endpoint. From an asymptomatic state, the disease of individuals 
may develop into a symptomatic (State 5) or AIDS (State 6) state. Once individuals were HIV-
infected, they could advance into the ART pool where treatment could be accessed (State 7). The 
treatment pool was divided into first, second and third line ART regimens, each with a possibility 
of progressing to death. Each previously mentioned health state could progress to death with 
different transition probabilities (State 8). During each cycle, an individual could remain in the 
current health state or progress to another. The arrows delineate the transition probabilities 
between the states. Costs and utility measures were then added to each health state and the model 
was able to predict costs and QALYs over the 70 year period for the intervention and the 
comparator. Event rates were considered the same for both arms of the study once the vaccine had 
been stopped.  
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Figure 15. The semi-Markov model of the HIV vaccination strategy (Model 1) 
Vaccinated and unvaccinated individuals may acquire HIV infection and transition to the HIV-positive 
state. Once HIV infected, individuals may transition to the accessing ART (treatment pool). Any states may 
transition to death but at a rate specific to that health state.  
 
Model 2 was used for Objective 2 and is depicted in Figure 16. The model examined the impact 
of dual HIV and HPV vaccination among adolescent females in a school-based programme. The 
model accounted for the interaction of one disease in the presence of another (i.e. HIV risk was 
increased in the presence of HPV disease vice versa).  The dual vaccination programme was 
offered to school-going girls aged nine on a voluntary basis. Model 2 was more complicated than 
Model 1 as it allowed for the interaction between the two disease states. Several health states were 
used to construct the model. All individuals were considered healthy and disease free at the start 
of the model. A proportion of these healthy individuals would be vaccinated against HIV and HPV 
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disease, and the rest would remain unvaccinated. Each year, these healthy individuals were 
exposed to the risk of acquiring each disease. The two diseases could not to be acquired 
simultaneously in a single year due to the model construct. Healthy individuals could develop HPV 
disease starting from LSIL to HSIL which may then progress to cervical cancer. At each HPV-
related health state, an individual may die (not represented graphically) or become HIV-infected 
(in which case they would progress on the lower HIV-positive spectrum). HIV-positive, HPV-
infected individuals that were treated for HPV disease could potentially develop recurrent HPV 
disease. This state of recurrence can effectively be displayed by the semi-Markov model. The 
model allowed for females with HPV disease both treated and untreated to acquire HIV disease. 
There was a higher probability of transition to more serious HPV states among the HIV-positive 
vs. the HIV-negative individuals. All individuals who were HIV-positive could enter the HIV 
treatment pool. Every health state, including the healthy individuals without HIV or HPV disease, 
could progress to death at rates dependent on their current health state. These mortality transitions 
were excluded from Figure 16 as they rendered the model excessively ‘bushy’ and concealed the 
key message the diagram was intended to convey. The arrows represented the transition 
probabilities from one state to another. Costs and utility measures were then added to each health 
state and the model was able to predict costs and QALYs over the 70 year period for the 
intervention and the comparator. HPV vaccinated individuals were considered to have lower event 
rates than the HPV unvaccinated individuals once the HIV vaccine administration was stopped. 
The protection conferred by the HPV vaccine was considered lifelong (662).   
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Figure 16. The semi-Markov model of the dual vaccination strategy (Model 2) 
Vaccinated and unvaccinated individuals can remain uninfected or develop either HPV or HIV disease. 
Those developing HPV disease remain at risk of HIV disease if unvaccinated against HIV. Every state may 
progress to death during any cycle, though the transition probabilities differ depending on the disease state. 
(LSIL – low-grade intraepithelial neoplasia; HSIL – high-grade intraepithelial neoplasia) 
 
5.2 MODEL ASSUMPTIONS 
 
Participants were assumed to enter the model prior to their sexual debut. The rationale for this was 
self-explanatory in the case of the HIV vaccine, the HPV vaccine was shown to have no effect on 
prevalent infection or disease (252). This assumption must be considered in the light of the high 
incidence of non-consensual sexual acts among young children in South Africa (254).  Where two 
HIV prevention strategies were being considered, the efficacy of the strategies were considered 
multiplicative (625) as there is rarely evidence available from clinical trials reporting the efficacy 
of two prevention interventions that were simultaneously introduced. In the case of the dual 
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vaccine strategies, the interventions effects were implemented separately as the interventions 
impact in different transition probabilities. Individuals were exposed to the risk of both diseases 
during each cycle but could only acquire a single condition per year. Once disease 1 was acquired, 
the rate of acquisition of disease 2 was adjusted accordingly. This was to ease the computational 
burden of the model. The model assumed that all nine year old children that were eligible for 
schooling were indeed attending school, and that consent was obtained from parents and was 
reflected in the coverage rates. The model assumed global uptake and provision of HCT in the 
school environment as stipulated by the national policy (295). Despite the generally poor uptake 
of cervical screening services (17, 92), it was assumed that those diagnosed with LSIL would 
return for repeat assessments given the convenience of attending a school health service. 
Adolescents have long suffered poor access to health care services.  Despite being issued in 2012, 
the ISHP has not been as widely implemented as expected, and the administration of the HPV 
vaccines has been limited to quintile one and two schools under the assumption that learners 
attending higher quintile schools would access these vaccines privately (650). The quintile refers 
to ‘a system of ranking and funding schools which takes into account the socio-economic 
circumstances of learners. The intended objective is to ensure that public funding is skewed in 
favour of the poorest learners’ (153). The modelling exercise assumed the national roll-out of the 
dual vaccination strategy under the auspices of an established school-based programme providing 
comprehensive health care services to all quintiles of learners. Lastly, the model assumed 
favourable uptake of school-based health services as the service was provided in the familiar and 
non-prejudicial school setting without there being any encroachment on school attendance. There 
has been no formal pilot studies of school-based health services conducted and thus the validation 
of this assumption remains speculative.  
 
5.3 ANALYTICAL METHODS 
 
5.3.1 Model construct 
The model was constructed in Microsoft Excel (Version 2010). In the deterministic model, each 
health state was represented by a column. All individuals were initially considered disease free, 
and started in this state. The age of entry into the model was nine years. This was chosen on the 
premise that it preceded any sexual activity, and that the cohort was considered sexually naïve. 
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The vaccines considered were preventive vaccines and disease exposure prior to vaccine 
administration would serve to ‘diminish’ vaccine efficacy (252). A Markov trace was developed 
to map the proportions of patients that are in any health state at any given time. The number of 
individuals in a health state was calculated by multiplying the numbers in the health state of the 
previous cycle by the transition probability. Each health state was assigned to a column and the 
sum of all the columns in a row equalled the total cohort number. Each row represented an annual 
(yearly) cycle where an individual ages by one year, may potentially move between health states 
or remain in the current health state. The transition matrix was then developed to represent the 
transition probabilities of the states in the columns to the state in the rows. The entire model is 
populated using this transition matrix. The simple Markov model developed in this evaluation was 
extended by relaxing the Markov assumption. Memory was built into the model by adding 
additional health states, which served as a type of time-dependency by have differing costs and 
health-related quality-of-life estimates dependent on where in the model the patient lies. For 
example, the costing, HRQOL and mortality parameters would differ depending on whether an 
individual was on first, second or third line ART regimens as opposed to a general HIV treatment 
pool.  
 
5.3.2 Building a Markov model for standard of care 
The proportions of the cohort that were in any of the ‘alive’ states were summed per row and 
collated in a separate column to give the total life years accumulated in that year of life. The 
QALYs were then calculated by multiplying the health state quality weight by the number of 
people in that particular health state in each row. Additionally, the sum per row was discounted by 
the pre-determined discount rate. Costs were applied per health state and summed by row to 
estimate the cost per cycle. This was the cost per state multiplied by the number in that state. 
Standard discount rates were applied to all costs.  
 
A fully probabilistic model was used to account for the inherent uncertainty in the input 
parameters. The effect of this uncertainty on the output measures of cost, effect and cost-
effectiveness were further explored. Patient characteristics (including age and gender) and the 
discount rates were not subject to uncertainty and remained deterministic in the model. The model 
was able to switch from a deterministic to probabilistic state using the IF(…) command.  
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5.3.3 Parameter distribution 
The lognormal distribution was used for relative risk (RR). The appropriate log mean and log 
standard error were calculated using the RR quoted in the literature and its corresponding 95% 
confidence interval. Finally, the model parameter was determined by taking a random draw from 
the normal distribution using the log mean and log standard error calculated. This value was then 
exponentiated to give the lognormally distributed RR. The disease transition probabilities were 
represented as beta distributions. These were applicable to bivariate decision probabilities and 
were fitted to the metric of number of events observed (e.g. patients on treatment) and the 
complement thereof (e.g. total patients – patients on treatment). The BETAINV(…) function was 
used to generate a random draw from this distribution. Microsoft Excel does not contain a construct 
for the Dirichlet distribution (multivariate probability distributions) and this function was 
programmed independently. The method entailed normalizing a draw from three independent 
single parameter gamma distributions, where a single parameter represented the number of events 
(α) (470). A single parameter gamma distribution has the beta value set to 1, hence gamma (α, 1). 
Gamma distributions were assigned to costs. As some costs were estimated by ingredients based 
costing and some referenced from the literature, there was little information available on variances 
in cost.  In such cases the assumption can be made that the standard error of costs was equal to the 
mean (470). Using the values for the standard error of costs and mean (μ), the parameters of the 
gamma (α, β) are solved where: 
 
α = μ (α + β)                                              (Eq. 11) 
β = α. 
(1− 𝜇)
𝜇
                              (Eq. 12) 
?̅?= 
𝛼
𝛼+𝛽
                                       (Eq. 13) 
Using α and β values that were calculated and the GAMMAINV(…) function, a random draw is 
generated from the gamma distribution to populate the model.  
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5.3.4 Analysing and presenting simulation outputs from probabilistic models 
The model analysis involved the distribution of the hypothetical cohort of adolescents into the 
initial health states, as regulated by the transition probabilities. With each cycle, the cohort is 
redistributed among the health states by the transition probabilities. Once the transitions into and 
out of the each health state had been finalised, the outcomes for each cycle was assigned. The 
outcomes were the costs and life years that were adjusted by utilities to derive QALYs. The process 
was repeated by the prescribed number of cycles (the lifetime horizon) and the outcomes were 
added to produce totals. The Markov models were then further analysed using a Monte Carlo 
simulation which is a multi-way sensitivity analysis in which the specified variables in the model 
were varied simultaneously (663). In the Monte Carlo simulation, the values for each variable was 
chosen randomly from the pre-defined distributions discussed. The model was run 1000 times 
(parametric bootstrapping), each time using a different set of values for each variable to generate 
a probabilistic trial. A complete picture of the probable results of the analysis was then given by 
the 1000 probabilistic trials drawn from the Monte Carlo simulation. 
 
5.3.5 Exploring uncertainty 
Once the 1000 probabilistic trials of the model were drawn, the incremental cost (∆C) and effect 
(∆E) for each trial of each arm (intervention and comparator) was calculated. One thousand 
bootstrapped effect and cost differences were then plotted on the cost-effectiveness plane. Once 
the probabilistic results were obtained, the confidence intervals for the ICER were calculated using 
the CEAC as it circumvented the problems that arose when the uncertainty estimates cover all four 
quadrants of the cost-effectiveness plane. The threshold ratio (λ), defined as ‘the maximum 
acceptable WTP for a health gain’ (664), was used to calculate the mean NMB in terms of the 
comparator, intervention and incremental costs (Equation 14):  
 
NMB = λ. ∆E - ∆C                                                                                                                                 (Eq. 14) 
Where λ is the WTP, ∆E is the effect (QALY) and ∆C represents the cost. 
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The most cost-effective option would have the greatest average net-benefit. Using the IF(…) 
function, an indicator variable was generated to determine if the comparator or intervention was 
the most cost-effective for each trial where 1 would indicate cost-effectiveness and 0 if it was not. 
A positive incremental net benefit result for the intervention indicates cost-effectiveness. The 
proportion of the simulation trials tallied in the intervention group represents its possibility of 
being cost effective given the threshold value (λ). A macro was then developed to change the 
threshold values (λ) and record the corresponding results relating to the intervention and 
comparator. These values were then plotted as the intervention and comparator curves on the 
CEAC. When several interventions were being compared, the CEAC was unable to determine 
which represented the optimal option (583). It was inevitable that the effectiveness and costs of 
health care programmes were subject to uncertainty. Apart from using the PSA mentioned, the 
CEAC was constructed to quantify and graphically represent uncertainty in this model.  
 
5.3.6 Model life-table analysis 
Model life-table analysis was used to explore Objective 1. The multi-state life-table described the 
differential mortality and morbidity of the model population under different interventions (600, 
665). This work comprised two model life-tables: the reference population with HIV and/or HPV 
associated mortality of the South African adolescent population under the current treatment 
strategies and the second table where the adolescent population was exposed to the vaccine 
interventions. Disease associated deaths were drawn from the literature as described in Tables 11 
and 15. National mortality data was used to determine the disease related mortality in the standard 
model life-table (as shown in Equation 15): 
 
Mtot = Mdis + Mother                                                                                                             (Eq. 15) 
 
Where  Mtot  = total mortality determined in the age / sex group, Mdis = mortality attributed to the disease 
state and Mother  = mortality attributed to all other causes. 
 
The prevalence estimates for HIV was obtained from South African National HIV Prevalence, 
Incidence and Behaviour Survey, 2012 and for cervical cancer from the Human Papillomavirus 
And Related Diseases Report: South Africa (92, 97). The relative reduction in HIV-related 
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mortality directly attributable to the intervention was calculated using the ratio between the 
comparator and the intervention (reflected in Equation 16).  This reduction was used in the model 
life-table analysis and allowed for comparisons to be made including the life expectancy, numbers 
of individuals surviving and the cumulative years lived.  
 
RRm  =   
𝑀𝑖
𝑀𝑐
                        (Eq. 16) 
 
Where RRm   = mortality risk reduction, Mi = mortality risk (intervention group) and Mc = mortality risk 
(comparator group). 
 
Values entered into the model life-table determined the intervention impact on the number of life 
years gained and calculated the effect on life expectancy. Life tables are generally constructed to 
evaluate the mortality within an population and to determine the life expectancy as calculated from 
birth (600). The calculated life expectancy defined by the following formula (665): 
 
ex =
𝑇𝑥
𝐼𝑥
                             (Eq.17) 
 
Where ex  = life expectancy at age X, Tx = cumulative person years lived after age X and  lx  = individuals 
alive at beginning of age X.   
 
The ICER calculation integrated the difference in cumulative years lived after 19 years of age 
between the intervention and comparator groups. The outcome measure of life-tables is the concept 
of years of potential life lost (YPLL). The YPLL estimates the average time a person would have 
survived had they not died prematurely. The measure serves to quantify social and economic loss 
attributable to premature death, particularly among specific causes of death affecting the younger 
age group. The YPLL combines the age of death and mathematically weights the deaths by 
assigning values to death at each age (666). 
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6. PROJECT MANAGEMENT 
 
I conceived the study in consultation with Dr Bertram and Prof Gray. I then developed the model 
and sourced the parameters from the available literature. Dr Bertram provided guidance and 
supported the co-ordination of the study. I conducted the statistical analysis, with regular input 
from Dr Bertram. I was responsible for the overall drafting of the dissertation and the manuscripts. 
All authors contributed significantly to critically revising the content. All authors read and 
approved the dissertation and final manuscripts prior to submission.  
 
7. ETHICAL CONSIDERATION 
 
Ethics approval for the study was obtained from the Human Research Ethics Committee (Medical) 
of the University of the Witwatersrand (Annexure B).   
 
8. CONCLUSIONS 
 
The economic evaluation used Markov modelling and PSA to determine the cost-effectiveness of 
the HIV and HPV vaccine strategies implemented in a school-based programme. The model was 
based on South African disease and costing parameters. The model was explicitly explained. South 
African ART practices were compared to the HIV vaccine alone and then in combination with the 
HPV vaccine. The vaccine interventions were then compared to other pre-existing biomedical 
interventions. There is also a broad spectrum of costs associated with the interventions. While each 
of the interventions was likely considered efficacious, the level of cost-effectiveness varies, as 
does the uncertainty surrounding the input parameters. The outcomes were considered in terms of 
the number of new infections and deaths averted. Lastly, ethical consideration for the study was 
obtained from the University of the Witwatersrand.  
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CHAPTER 5 
 
RESULTS: THE CASE FOR ADOLESCENT HIV VACCINATION IN SOUTH AFRICA: 
A COST-EFFECTIVENESS ANALYSIS 
 
 
1. INTRODUCTION  
 
South Africa remains the epicentre of the HIV pandemic with 18% of the global HIV prevalence 
concentrated within its borders (300). There have been worldwide reductions in HIV prevalence 
reported but these gains are being threatened by the sub-epidemics of HIV disease persisting 
among the historically vulnerable young women and adolescents of SSA (285). The South African 
literature clearly demonstrates the disproportionately high disease burden among women aged 15-
24 years where a fourfold increase in HIV prevalence is apparent (97). Males are also at risk 
though. South African society is marked by early sexual debut among both males and females that 
has been linked to the realities of forced sex and intergenerational relationships which  greatly 
increases the risk of HIV infection (99).  
 
South African has countered the burgeoning HIV burden by improving HIV treatment and 
prevention access focussing on expanding condom distribution (298), increased coverage of 
VMMC (667) and by offering national HIV testing and improving the coverage of ART (299).  
The Joint United Nations Programme on HIV/AIDS (UNAIDS) has however reported that South 
Africa  accounted for 16% of global HIV incidence in 2013 and still had a 58% deficit in ART 
delivery (294, 300). Vaccines are widely considered the most cost-effective intervention in health 
care (668). In Thailand (2009), Rerks-Ngarm et al. released the results of the first HIV vaccine 
regimen (RV144/Thai trial) to demonstrate vaccine efficacy in human subjects (339), negating 
several earlier setbacks experienced in HIV vaccine trials (337, 342). The study evaluated the use 
of two priming injections of a recombinant canarypox vector (ALVAC-HIV[vCP1521]) 
administered at weeks 0, 4, 12 and 24. Boosting injections of recombinant glycoprotein 120 
subunit vaccine (AIDSVAX B/E) were then administered at weeks 12 and 24. The result was a 
conservative efficacy of 31% over 3.5 years. However, rapidly waning immunity in the first year, 
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raised speculations about the need for subsequent booster injections (339). Apart from changes to 
the protein and adjuvant, the HIV vaccine regimen was additionally modified to Clade C before 
entering South African clinical trials (Phase 1) at six key sites under the umbrella of the HVTN 
100 study (345). Introducing the HIV vaccination strategy into the EPI would have far-reaching 
financial implications but still present a key advocacy tool to decision-makers should this vaccine 
become available (669, 670). Evaluating the long-term impact and cost-effectiveness of a HIV 
vaccine strategy hinges on where in the health system the vaccine is introduced. The delivery of 
vaccines to adolescents via a SRH platform at school has strong associations with improved 
vaccine coverage rates (669-671). South African HIV prevention strategies have enjoyed limited 
successes as high HIV incidence rates still prevail (300). Future expansion of the ART programme 
is a viable option but requires a substantial injection of financial and human resources to ensure 
sustainability (672). It is based on this understanding that the national government prioritized the 
development of a SRH platform at school level targeting primary HIV prevention strategies among 
adolescents as a key stream of restructuring PHC in South Africa (154).   
 
The study aimed to determine the cost-effectiveness of implementing school-based HIV 
vaccination as an HIV prevention strategy in the public sector. The analysis sought to determine 
how the vaccine and programme characteristics potentially impacted the cost-effectiveness by 
conducting sensitivity analysis.  
 
2. METHODS  
 
The study methods complied with the reporting guidelines of the CHEERS statement (618).   
 
2.1 STUDY OVERVIEW 
 
The study population was nine year old children attending South African schools in 2012; that 
accepted the vaccine on a voluntary basis. The introduction of the vaccine intervention were in 
line with the plans of the national health department to develop school-based SRH services (154). 
The learners were to be targeted prior to the onset of sexual activity to circumvent any potential 
exposure to HIV. The study population was then modelled through a 70 year life expectancy which 
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was congruent with the current South African life expectancy (637). The vaccine strategy would 
be school-based, with the vaccines potentially integrated into the EPI offered in the South Africa.  
The study adopted the provider perspective to gain insight into health service delivery and 
delineate the financial implications of the new intervention being introduced into the public health 
care sector. Finally, the provider perspective allows us to generate health information that could 
potentially guide national health planning. The HIV vaccine regimen being administered in the 
South African studies (HVTN 100) was used as the HIV prevention intervention that would 
potentially impact the HIV-associated mortality and burden of disease. The vaccination 
intervention was considered against the current standard of care in South Africa (viz. HCT, the 
national ART roll-out campaign, the distribution of condoms and the treatment of STIs) (247). It 
is vital to remember that the intervention comprised the vaccination strategy in conjunction with 
all the components of the standard of care, as the vaccine strategy would never be considered as a 
stand-alone programme while people were still accessing ART. Economic costs and health 
outcomes were discounted at a rate of 3%, with an uncertainty range of 0-6% explored, in keeping 
with the recommendations of the WHO-CHOICE guidelines (537). 
 
2.2 OUTCOME MEASURES 
 
The QALY was used as the outcome measure to compare the HIV vaccine intervention with the 
standard of care. The QALY serves as a standardized measurement from comparative effectiveness 
research that incorporates a quality of life “utility score” adjustment applied to life expectancy 
(673). The QALY allows for mortality and morbidity estimates in a single outcome measure, 
allowing for comparability across studies (105). The outcomes are then used to calculate the ICER.  
The ICER thus calculates the difference in costs between the strategies and the difference in effects 
(e.g. QALYs) between alternative interventions (Equation 18). The ICER was measured in US$ 
per QALY gained.  
 
ICER =  
𝐶2− 𝐶1
𝐸2− 𝐸1
=  
∆𝐶
∆𝐸
                                               (Eq. 18) 
 
Where C1 and E1 = costs and effects of the comparator, and C2 and E2 = the costs and effects of the 
intervention.  
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The HIV vaccine modelled was hypothetical. The vaccine characteristics considered in this model 
(Table 17) were suggested by the product description defined by the P5, a diverse collaboration of 
organisations founded under the Global HIV Vaccine Enterprise to promote research based on the 
foundation of the RV144 trial and to draw collaboration globally to assess HIV vaccine candidates 
going forward (372). The regimen assessed used the ALVAC prime ALVAC/gp120 boost of the 
RV144/Thai trial with the introduction of an additional booster at month 12. The purpose of the 
booster was to enhance the diminishing immune response described after 12 months in the Thai 
trial. Should the vaccine induce adequate immunogenicity, it will be entered into landmark Phase 
IIb/III HIV vaccine efficacy studies (provisionally scheduled for South Africa in 2016) called the 
HVTN 702 study.   
 
The estimated vaccination coverage was considered at 60% receiving the initial course, 
representing a guarded estimate on the 68% coverage achieved for the 3rd dose of diphtheria toxoid, 
tetanus toxoid and pertussis vaccine (DTP3) (674).  The DTP3 coverage has been globally adopted  
as a proxy for immunisation system strength (performance) as it has been available in most  
countries in the recent decades (675). Vaccine coverage was then explored in the sensitivity 
analysis. The HIV vaccine was assessed at the cost of US$ 12 per dose (base-case), had a 50% 
vaccine efficacy and a 10 year duration of protection (including annual booster injections). The 
impact of diminishing immunity demonstrated in the RV144/Thai trial (12 months following 
vaccine administration) prompted the inclusion of the booster vaccinations. This declining 
immunity was addressed in the economic evaluation by adopting a conservative approach of 
annual boosters. While this may not be the most practical option, in the context of an economic 
evaluation it merely translated into a marginal cost overestimation. The HIV vaccine priced at 
nearly US$ 12 roughly approximated the public sector HPV vaccine price (US$ 17). Markedly 
reduced vaccines prices were considered justified by the overwhelming HIV disease burden in the 
country and by weighing up the sensitive issues of accessibility and coverage. Additionally, the 
prices were deemed attainable considering the success achieved in negotiating lower priced ART 
and HPV vaccines in the public sector (644, 676). The pricing structures were tested in the 
sensitivity analysis.  
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The utility of HIV-related interventions was derived from a meta-analysis of the pooled utilities 
relating to HIV/AIDS (633). The utility weights for both diseases appear in Table 17.   
 
Table 17. HIV characteristics and disease utility weights adopted 
Parameters Estimate (Range)  Reference 
Vaccine characteristics     
Coverage 60% (40 – 70)   assumption 
HIV vaccine efficacy 50% (31 – 70)   assumption 
Utility weights     
Full health 1    
HIV disease     
          Asymptomatic 0.94   (633) 
          Symptomatic 0.82   (633) 
          AIDS 0.70   (633) 
AIDS - acquired immune deficiency syndrome, HIV - human immunodeficiency virus.  
 
2.3 STUDY INPUTS 
 
The model was parameterised using South African epidemiological data drawn from published 
literature to contextualize the study (Table 18). The disease transition probabilities between HIV 
disease states were also obtained from the relevant South African literature (Table 19). Statistics 
South Africa has consistently cited mortality figures for HIV/AIDS approximating 3% annually, 
despite unabated increases in deaths among young adults (677, 678). Further scrutiny suggested 
these figures underestimated mortality as several conditions known to be HIV/AIDS-associated 
(e.g. TB, parasitic diseases, infectious intestinal diseases) were reported as independent causes of 
death (679). The 2012 HIV/AIDS-related mortality rates were revised by Statistics South Africa 
in 2014 based on this inconsistency (637).  
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Table 18. Relevant South African HIV epidemiology 
The table describes the relevant general, HIV-related and HPV-related parameters sourced from the 
literature. The estimates were drawn from the South African literature for 2012.  
 Total Male Female Reference 
General 
Population 52 274 945 100% 25 453 074 48.7% 26 821 871 51.3% (97) 
Life expectancy  67.4 - 64.1 - 70.6 - (637) 
Mortality  1.48% - 1.56% - 1.42% - (637) 
HIV-related disease 
Incidence  396 000 1.72% 145 000 1.21% 251 000 2.28% (97) 
Prevalence 6 422 000 12.2% 2 531 000 9.90% 3 873 000 14.40% (97) 
On ART 2 002 000 31.2% 651 000 25.70% 1 344 000 34.70% (97) 
Life expectancy  59.3 - 57.3 - 61.3 - (637) 
Mortality 1.69% - 1.75% - 1.63% - (637) 
Related mortality 203 293 35.30% - - - - (637) 
ART - antiretroviral therapy, HIV - human immunodeficiency virus.  
*generic epidemiological population estimates are given. Age-specific estimates were used in the calculations 
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Table 19. Transition probabilities showing annual disease progression risk  
Disease transition from one health state to the next is shown in Table 19.  The estimates were drawn from 
the South African literature for 2012.  
Parameter Distribution Estimate Reference 
Health care     
ART uptake  - 29.00% (300) 
Reduction in disease progression with ART - 46.00% (649) 
Change in HIV disease state    
Asymptomatic to symptomatic Beta 0.32 (658) 
Symptomatic to AIDS Beta 0.20 (659) 
AIDS to death Beta 0.21 (658) 
Change in drug regimens    
First-line to second-line Beta 0.10 (659) 
Second-line to third-line Beta 0.01 (660) 
ART - antiretroviral therapy,  AIDS - acquired immune deficiency syndrome.  
 
Relevant HIV-related cost components were extrapolated from the 2013 South African national 
HIV treatment guideline (247).  While 2012 was considered the reference year for this study, the 
2013 guideline was considered in this model as it included fixed-dose combination therapy (FDC). 
The FDC was important as it impacted the costing and proposed integrated health management of 
SRH conditions. The PHC nurses were presumed to deliver health services at schools, and would 
refer complicated cases upwards to doctors or medical specialists at clinics. Costs were inflation 
adjusted to the year 2012 using the CPI. The average exchange rate for the South African Rand 
(ZAR) to the United States dollar (US$) was applied. Costs were converted into the equivalent 
value for the 2012 US$ where (US$ 1 = ZAR 8.21) allowing for international comparison (591). 
HIV vaccination costs considered human resources, counselling (pre- and post HIV testing), HIV 
testing, delivery costs (e.g. needles and syringes) and storage costs (Table 20). The cost of 
laboratory tests were obtained from the National Health Services Laboratory. Human resource cost 
of medical personnel [derived from the Uniform Patient Fee Schedule (UPFS)] as well as pricing 
of medication, consumables and additional pharmaceuticals were obtained from the National 
Department of Health. These parameters are detailed in Table 21.  
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Table 20. Comparison of costs and components of the HIV vaccination programme  
Detailed costs of the intervention compared to the standard of care. The intervention includes the vaccine 
intervention and the comparator costs. Costs are shown in US$. 
Cost category 
Per capita expenditure 
Intervention Standard Difference  (% change) 
Laboratory 12.73 13.09 0.35 (-2.78) 
HIV rapid testing  1.06 1.41   
CD4 count 4.05 4.05   
Pap smear 1.13 1.13   
Viral load 5.95 5.95   
Creatinine 0.53 0.53   
Pharmaceuticals 39.86 30.21 9.64 (+31.92) 
STI treatment 1.11 0.92   
Condom distribution 1.35 1.12   
Contraception 0.77 0.63   
Anti-retroviral therapy 27.34 27.34   
Vaccine 8.94 0.00   
Vaccine delivery* 0.15 0.00   
Bactrim® prophylaxis 0.20 0.20   
Human resources 35.94 36.67 0.63 (-1.76) 
PHC nurse 20.70 22.24   
Counsellor 11.03 11.81   
Enrolled nursing assistant 1.68 0.00   
Medical officer 0.46 0.46   
Medical specialist  2.07 2.07   
Transport † 0.47 0.00 - - 
Total 89.00 79.87   
*Vaccine delivery includes the needle, syringe and alcohol swab for administration 
†Calculated from average car rental cost incurred in providing a school-based service 
HIV - human immunodeficiency virus, CD4 - cluster of differentiation 4 (T-helper cells); PHC - primary health care 
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Table 21. Economic considerations of the analysis 
The estimates were obtained from relevant South African literature for the year 2012. Costs are in US$.  
Economics Value Range Reference 
Cost 3.0% (0 – 6%) (537) 
Outcome 3.0% (0 – 6%) (537) 
International comparison (ZAR: 1US$) ZAR 8.21 - (591) 
HIV disease related costs Distribution Value Reference 
HIV prevention programme    
HIV vaccine - 12 (372) 
Vaccine delivery per dose*  Gamma 17 (638-642) 
Existing prevention programme (incl. HR) Gamma 65 (639-643) 
HIV counselling and testing (HCT) (per test) Gamma 23 (639, 640) 
Cost of HIV rapid testing Gamma 2 (639, 640) 
Current HIV programme (annual costs)    
Asymptomatic treatment (not on ART) Gamma 131 (247, 643) 
Symptomatic treatment (not on ART) Gamma 137 (247, 643) 
AIDS treatment (not on ART) Gamma 182 (247, 643) 
Patient on ART (average) Gamma 424 (247, 644) 
ART cost (annual)    
First-line regimen Gamma 10 (644) 
Second-line regimen Gamma 27 (644) 
Third-line regimen Gamma 173 (644) 
Laboratory costs (annual)    
First-line regimen (first year) Gamma 17 (247, 643) 
First-line regimen (subsequent years) Gamma 46 (247, 643) 
Second-line regimen Gamma 46 (247, 643) 
Third-line regimen Gamma 92 (247, 643) 
Not on ART Gamma 65 (643) 
ART - antiretroviral therapy, HIV - human immunodeficiency virus, HCT – HIV counselling and testing 
*Annexure A outlines the costing structures used 
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2.4 MODEL-BASED ECONOMIC EVALUATION 
 
Data was captured and analysed using Microsoft Excel® (Version 2010) (Microsoft Corp., 
Redmond, WA). Ersatz version 1.2 (www.epigear.com) was used to perform the uncertainty 
analysis. Ersatz is a boot-strap add-in application for Excel. The disease transition probabilities 
and the effectiveness of the interventions dictated the movement between health states (Figure 17).  
The semi-Markov simulation constructed showed annual cycles. The semi-Markov model 
specifically allowed for the addition of tunnel states. This countered the ‘memoryless’ nature of 
the Markov model. The study population started disease-free and was exposed to an annual risk of 
acquiring HIV disease.   
 
The model examined the impact of HIV vaccination alone (intervention) on the South African 
school-going adolescent population and the outcomes were stratified by gender. The vaccine was 
offered voluntarily to the adolescents aged nine years or older. The model consisted of eight health 
states. Individuals entered the model HIV uninfected and healthy (State 1). They then transitioned 
into a vaccinated (State 2) or unvaccinated (State 3) state depending on the coverage rate. 
Individuals in either of these states could enter into the asymptomatic HIV state (State 4). This is 
represented by the oval shape to emphasize that this is a primary endpoint. From an asymptomatic 
state, the disease of individuals may develop into a symptomatic (State 5) or AIDS (State 6) state. 
Once individuals were HIV-infected, they could advance into the ART pool where treatment could 
be accessed (State 7). The treatment pool was divided into first, second and third line ART 
regimens, each with a possibility of progressing to death. Each previously mentioned health state 
could progress to death with different transition probabilities (State 8). During each cycle, an 
individual could remain in the current health state or progress to another. The arrows delineate the 
transition probabilities between the states. Costs and utility measures were then added to each 
health state and the model was able to predict costs and QALYs over the 70 year period for the 
intervention and the comparator. Event rates were considered the same for both arms of the study 
once the vaccine had been stopped.  
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One-way sensitivity analyses were used to evaluate the impact of single assumptions on cost and 
outcomes and PSA with a bootstrapping technique determined the uncertainty in the model and 
evaluated the robustness of the results. The PSA was characterized by a second order, 1000 
iteration Monte Carlo simulation yielding a range of plausible values for lifetime costs, QALYs 
and ICER. The PSA results were used to calculate the 95% confidence interval around the model 
outcomes, and these results were represented in the form of the CEAC. South Africa does not have 
a pre-defined WTP threshold and the GDP per capita (2012) was used as a proxy in accordance 
with the WHO Guide to Cost-Effective Analysis (537, 680, 681). The WTP threshold was thus 
defined as US$ 7 508 (ZAR 61 641) per QALY gained.  
 
Participants were presumed sexually naïve at the start of the model. The model assumed that all 
children eligible for schooling were attending school and did not account for the drop-out rates. It 
was also assumed that HCT services were universally available in the school environment and 
easily accessible as prescribed by the national policy (295). The modelling exercise considered 
universal access to the national roll-out of the HIV vaccination strategy under the umbrella of an 
established school-based programme; providing comprehensive health care to all quintiles of 
learners. Lastly, the model presumed favourable uptake of the school-based programme by the 
learners considering that it would be provided in a presumably familiar and non-prejudicial 
environment without compromising school attendance. This assumption has not been validated as 
no formal pilot studies assessing uptake of care have been published.  
 
 
 
145 
 
 
 
Figure 17. The semi-Markov model of the HIV vaccination strategy 
Vaccinated and unvaccinated individuals may acquire HIV infection and transition to the HIV-positive 
state. Once HIV infected, individuals may transition to the accessing ART (treatment pool). Any states may 
transition to death but at a rate specific to that health state.  
 
2.5 ETHICAL CONSIDERATION 
 
Ethical approval for the study was obtained from the Human Research Ethics Committee (Medical) 
of the University of the Witwatersrand. 
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3. RESULTS  
 
3.1 COST-EFFECTIVENESS ANALYSIS 
 
Table 22 shows the total costs and QALYs gained in the lifetime of the hypothetical cohort for 
HIV vaccine interventions. The introduction of the HIV vaccination in the general adolescent 
population resulted in the net cost of US$ 187 representing a nine percent increase in costs 
compared with the existing programme (which comprised no HIV vaccine prevention strategy). 
This translated to a gain of four QALYs and an ICER of US$ 43 per QALY gained (95% CI: US$ 
39-47). The administration of the vaccine to females only yielded a 68% increase in QALYs gained 
to six (95% CI: 6-7) compared with administering to males only. The greater impact of the 
intervention among the female population was justified given their substantially higher burden of 
disease. Generally, the implementation of the HIV vaccine programme does represent an increase 
in total spending but with significant improvement in life-years.  
 
Table 22. Cost-effectiveness of the HIV vaccine intervention 
The vaccine programmes were compared with the standard of care (2012) which had no vaccination.  All 
values are in US$.  
 Vaccination program  Existing standard of care  ICER 
 Cost QALY  Cost QALY  per QALY gained 
Total 2341 9.47  2154 5.11  43.07 
 (2222 – 2465) (9.12  – 9.83)  (2030 - 2281) (4.74  – 5.49)  (38.92 – 47.43) 
Male 2043 8.27  1832 3.79  47.29 
 (1935 – 2149) (7.99 – 8.52)   (1725 – 1937) (3.50 – 4.07)  (43.07 – 51.14) 
Female 2628 10.60  2463 6.36  38.94 
 (2479 – 2772) (10.15 – 11.06)  (2306 – 2611) (5.86 – 6.85)  (34.41 – 43.58)  
Discount rate 3%. (95% uncertainty intervals).  
ICER - incremental cost-effectiveness ratio, QALY - quality-adjusted life years.  
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3.2 SENSITIVITY ANALYSES 
 
3.2.1 One-way sensitivity analysis 
The one-way sensitivity analysis varies a single parameter to demonstrate its impact on the overall 
cost-effectiveness (682). Table 23 identified the improved ICER outcomes associated with 
increased duration of vaccine protection and lowered vaccine pricing strategies. The discount rate 
significantly influenced the cost-effectiveness with six percent discounting resulting in a 62% 
increase in the ICER value compared with 0% discounting. This was largely attributed to the 
investment for the intervention being made now (present costs) with benefits only being realised 
much later (future implications). Lastly the analysis proved that a partially effective vaccine or one 
that has coverage less than 50% would still prove cost-effective compared with the proxy WTP 
estimate considered for South Africa.  
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Table 23. Scenario analyses compared with base findings 
One-way sensitivity analysis was done to systematically examine the impact of selected variables in the 
analysis by varying it across a plausible range of values with other variables remaining at their baseline 
level.    
  Total Male Female 
HIV vaccine – 3 years duration  Net cost 98.89 139.71 127.90 
 QALYs gained 1.40 1.42 1.38 
 ICER 70.67 98.25 92.84 
HIV vaccine – 5 years duration  Net cost 104.11 159.99 137.28 
 QALYs gained 2.27 2.32 2.23 
 ICER 45.78 68.91 61.62 
HIV vaccine price halved Net cost 147.67 171.40 125.37 
 QALYs gained 4.36 4.47 4.24 
 ICER 33.90 38.30 29.59 
Very low HIV vaccine price Net cost 121.05 144.60 98.95 
 QALYs gained 4.36 4.47 4.24 
 ICER 27.79 32.31 23.35 
Discount rate 0% Net cost 128.03 162.96 99.31 
 QALYs gained 4.18 4.33 4.04 
 ICER 30.66 37.66 24.59 
Discount rate 6% Net cost 221.79 237.91 205.65 
 QALYs gained 4.46 4.55 4.36 
 ICER 49.73 52.24 47.16 
Coverage 40% Net cost 150.08 169.28 131.99 
 QALYs gained 3.48 3.58 3.39 
 ICER 43.07 47.29 38.94 
RV144/Thai trial efficacy Net cost 204.83 220.37 190.11 
 QALYs gained 4.35 4.45 4.24 
 ICER 48.07 49.47 44.82 
HIV - human immunodeficiency virus, ICER - incremental cost-effectiveness ratio, QALY - quality-adjusted life 
year. 
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3.2.2 Two-way sensitivity analysis 
Ideally, an intervention should be highly efficacious and affordable. The two-way analysis in Table 
24 explored the effects of varying the vaccine cost and vaccine duration of protection on the ICER; 
under the optimized conditions of vaccine efficacy and vaccine coverage fixed at 70% each.  Lower 
priced vaccines yielded more cost-effective results. Vaccines with a longer duration of protection 
(10 years) outperformed the shorter protecting vaccines (at five years or three years duration) 
irrespective of price.  
 
Table 24. Two-way sensitivity analysis 
Data based on assumed optimized coverage (70%) and vaccine efficacy (70%) 
Vaccine cost* Cost per QALY gained by vaccine duration  
Cost  US$ 3 years 5 years 10 years 
High 24 123.27 85.23 57.50 
Medium 18 108.10 73.33 47.96 
BASE 12 92.92 61.43 38.62 
Low 6 77.74 49.53 29.27 
Very low 2 67.62 41.59 23.05 
*vaccine and vaccine delivery cost 
QALY - quality-adjusted life year.  
 
3.2.3 Probabilistic sensitivity analysis 
 
Cost-effectiveness plane 
The HIV vaccine programme implementation suggests improved health outcomes at a greater cost 
compared with the current standard of HIV care in the public sector. Bootstrapping analysis 
undertaken by repeated sampling (1000 iterations) estimated the uncertainty in model costs and 
effects (Figure 18). The majority of the iterations lying in the NE quadrant of the cost-effectiveness 
plane (an area of trade-off indicating greater health gain for added expenditure) raises the critical 
issue of determining how much a decision-maker is prepared to pay for an additional unit gain in 
health outcome. The limited vertical variation indicates limited variability associated with 
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treatment costs. The reported ICERs for all three plausible interventions remained well below the 
WTP threshold and were thus deemed cost-effective.  
 
 
Figure 18. The cost-effectiveness plane 
Costs and health outcomes are shown as a scatter plot in Figure 18. The values were generated from the 
probabilistic sensitivity analysis. The cost difference (∆C) is the difference in costs between the comparator 
and intervention programme costs. The effect difference (∆E) reflects the difference in health outcomes 
between the intervention and comparator effects. The unit of measure for the health outcomes are QALYs 
gained. All values falling below the WTP threshold indicated are cost-effective.  
QALY - quality-adjusted life year, WTP - willingness-to-pay.  
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Cost-effectiveness acceptability curve  
The CEAC (Figure 19) was constructed by calculating the probability that the intervention 
implemented in the general population represents the optimal choice across the 1000 simulations, 
for selected WTP governmental thresholds (x-axis: US$100 increments of cost per 1 QALY 
gained). The curve indicates the intervention to be cost effective, and supports the implementation 
of the vaccine programme as it has translated into improved health outcomes.   
 
 
 
Figure 19. The cost-effectiveness acceptability curve 
The CEAC shows the proportion of simulations that would be cost-effective (y-axis) given different 
threshold values of cost per QALY gained (x-axis). CEAC – cost-effectiveness acceptability curve, QALY - 
quality-adjusted life year.  
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4. DISCUSSION  
 
This study evaluated the cost per QALY gained (expressed as the ICER) that was associated with 
school-based adolescent HIV vaccination services using a Markov modelling approach. The 
model, which was based on local costing data and transition probabilities derived from the 
literature, simulated annual cycles.  These findings support that, even at relatively higher vaccine 
cost, the simultaneous implementation of the HIV vaccine programme in conjunction with the 
ART roll-out would prove cost-effective. These findings were validated by the cost-effectiveness 
plane and CEAC.   
 
In the sensitivity analysis, the ICER was clearly sensitive to cost variations. Relatively lower  
prices were evaluated in the model as the South African government has successfully negotiated 
discounts with pharmaceutical companies in the past, notably with ART and HPV vaccines (644, 
676). The impact of the effect that these discounts would have on cost-effectiveness is difficult to 
interpret as the discounts are frequently negotiated on volumes rather than prices (682). The cost-
effectiveness was also particularly sensitive to variations in vaccine efficacy (683-685). In fact, 
even before the release of the RV144/Thai trial data, computer simulations of HIV transmission 
dynamics amongst South African adolescents already highlighted the significant role that a 
partially effective HIV vaccine could play (686). Work by Owens et al. concurred with this, 
illustrating that varying the degrees of vaccine efficacy for susceptibility, disease progression and 
infectivity still yielded substantial health benefits, even with only modestly efficacious vaccines 
(685). Based on the short-lived vaccine efficacy described by Rerks-Ngarm et al. (339), annual 
booster vaccinations were included in the study model. Booster vaccinations were not assessed in 
the RV144/Thai study, implying that the analyses of boosters in this evaluation remain 
hypothetical (339). 
 
The two-way sensitivity analysis (Table 24) confirmed that HIV vaccines with longer duration of 
protection would provide more robust protection. Andersson did however caution against high 
numbers of booster vaccinations being required to maintain population coverage levels, despite 
having demonstrated significant impact on the South African epidemic when applying the RV144 
vaccine using demographic projections (687). Modelling work with partially efficacious vaccines 
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by Phillips returned similar health benefits in a southern African setting but offered no additional 
information on booster vaccinations (688). It should be borne in mind that the quadruple burden 
of NCDs, communicable, maternal and child health and injury-related disorders place 
insurmountable pressure on a restricted South African health budget (5), such that the 
implementation of a partially efficacious HIV vaccine requiring a series of several boosters should 
be weighed against the equity of scarce financial resource allocation. 
 
These study findings should be considered in light of several limitations. The study considered 
heterosexual transmission of HIV only as there is a dearth of reliable data on same sex HIV 
transmission. Similarly, the study lacked more representative data on HIV risk and mortality 
profiles due to poor availability of data. Any potential benefit that may arise against disease 
acquisition and progression for vaccine recipients who become HIV-infected remains speculative. 
Importantly however, there were no significant differences documented between the vaccinated 
and unvaccinated arms of the RV144/Thai Trial participants who seroconverted in terms of viral 
load or CD4 T-cell counts (339). While the study assumed a high coverage rate (70%), it did not 
account for the potential benefits of herd immunity. The effect of herd immunity could play a 
major role in bolstering HIV vaccine coverage rates in a country where the childhood 
immunisation vaccine coverage rates fall significantly short of the required targets (674). The 
inclusion of herd immunity into the model could potentially equate to improved vaccine efficacy 
and cost-effectiveness. The analysis considered the provider perspective and not the societal 
perspective. South African health outcomes remain poor compared with similar middle-income 
counties despite the nine percent allocation of the country’s GDP to health expenditure (3). While 
the nine percent expenditure exceeds the five percent recommendation of the WHO, middle-
income countries such as Brazil report better health outcomes despite the same proportional 
expenditure (689). Vaccine implementation would significantly impact the health budget through 
direct medical costs implicated in the start-up of the programme. These costs include human 
resources and staff training, transport costs, appropriate refrigeration and medical supplies (not 
limited to vaccine, needles, safe disposal units etc.).  This is a major consideration as the vaccine 
still proved cost-effective at higher prices in the sensitivity analysis. Importantly however, the 
assessment of the societal benefit would yield important information on increased economic 
productivity due to infections averted (684). The vaccine was modelled on evidence-based disease 
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parameters as the candidate vaccine is still undergoing clinical trials. HIV vaccination as a 
preventive strategy was assessed in isolation in this study. It is must be considered that the 
simultaneous use of multiple HIV prevention strategies would prove more substantive in the 
clinical setting (690).  
 
5. CONCLUSION 
 
HIV vaccination among adolescents was evaluated to result in considerable health benefits and 
found to be cost-effective in the South African setting. The generalizability of these results is 
limited by two important cautions. Firstly, South Africa not having an established national WTP 
threshold excludes the WTP as an explicit national decision-making tool and serves to highlight 
the need for due consideration of the intervention by policy makers. Secondly, as the model was 
based purely on South African data that was modelled from a provider perspective, caution should 
be exercised when applying these results to other settings. The findings of this analysis suggest 
that at the conventionally defined WTP threshold in South Africa, the school-based 
implementation of the HIV vaccine programme would prove cost-effective should the HIV vaccine 
become commercially available. Understandably, the cost impacts and inefficiencies beyond those 
considered in this analysis may arise once the HIV vaccine is applied in a clinical setting. It would 
then be valuable to reassess the health economic impact of the HIV vaccine at that juncture.   
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CHAPTER 6 
 
RESULTS: PROJECTED ECONOMIC EVALUATION OF THE NATIONAL 
IMPLEMENTATION OF A HYPOTHETICAL HIV VACCINATION PROGRAMME 
AMONG ADOLESCENTS IN SOUTH AFRICA 
 
 
1. INTRODUCTION 
  
South Africa has the highest global prevalence of HIV reporting 6.4 million of its citizens living 
with HIV, 203 000 HIV-related mortalities and approximately 395 000 new infections in 2012 (97, 
300, 637). Not surprisingly, the extensive HIV disease burden has impacted heavily on the life 
expectancy within the country (152). As such, life expectancy has been earmarked as a priority by 
the National Department of Health, with improvements documented from 2006 (53 years) to 2012 
(61 years) (293). Much of this improvement has been attributed to the ‘the largest ART roll-out in 
the world’ that South Africa supports (691). Sustaining this achievement requires intensive 
planning. The increasing numbers of ART initiates have to be retained in care (with retention rates 
in the public sector reaching 75% after the first year of treatment) and the country needing to enrol 
more than 500 000 new patients onto ART annually to ensure that ART enrolment ratios are 
maintained in excess of 1.3 (152). Understandably, maintaining the ART programme in South 
Africa over the long term becomes a concern when considering the substantial injection of human 
resources and finances required to sustain it (672).   
 
Young women aged between 15-25 years account for almost a quarter of all new HIV infections, 
solidifying this group as a considerable contributor to the epidemic. In fact, the HIV prevalence 
within this age group serves as a vital proxy for HIV incidence. Despite the documented HIV 
prevalence within this group declining by 18% between 2008 to 2012 (resulting in an impressive 
drop from nine to seven percent); there still remains an appreciable need to intensify prevention 
interventions (294). Women between 15-24 years of age are consistently reported to have the most 
limited access to life-saving ART treatment, despite the many accomplishments of the programme. 
Barriers still prevent young people from accessing public health services (95). This includes 
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disregard for confidentiality and privacy of clinic attendees exacerbated by unfriendly, judgmental 
health care staff and inaccessible clinic hours (93, 692). It was these challenges that shape the re-
engineering of PHC in South Africa, and in particular the development of the school-based SRH 
service,  into an optimistic alternative (154).   
 
Current HIV prevention strategies have enjoyed poor success in impacting the high incidence rate 
reported among South Africans, and the search for viable, alternative approaches becomes 
imperative. Vaccines are long been considered the one of the most cost-effective public health 
interventions (668). In Thailand (2009), Rerks-Ngarm et al. reported the only HIV vaccine to date 
(RV144/Thai Trial) to demonstrate vaccine efficacy (albeit moderate) in human subjects (339). 
The study assessed a prime-boosting strategy, priming with a recombinant canarypox vector 
(ALVAC-HIV[vCP1521]) with vaccine administration at weeks 0, 4, 12 and 24 and with 
additional boosts administered with the ALVAC at weeks 12 and 24. This prime-boost HIV 
vaccine regimen translated to a modest efficacy of 31% over 3.5 years (339).  The protective effects 
were not sustained, but showed promise. Apart from changes to the protein and adjuvant, the HIV 
vaccine regimen was additionally modified to Clade C before entering South African clinical trials 
(Phase 1) at six key sites under the umbrella of the HVTN 100 study (345). Should the vaccine 
induce adequate immunogenicity, it will be entered into landmark Phase IIb/III HIV vaccine 
efficacy trials (provisionally scheduled for South Africa in 2016) called the HVTN 702 study.   
 
This study aimed to provide guidance to decision-makers regarding the potential introduction of 
the HIV vaccine regimen among school-going South African adolescents. This study assessed the 
vaccine effect on HIV-associated burden of disease (and quantifies the health costs associated). 
The study also evaluated the cost-effectiveness and life expectancy effects based on the suggestion 
that school-based health care may contribute in resolving the difficulties associated with equity 
and access of health care that many South African adolescents face.   
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2. METHODS 
 
The study methodology followed the principles set out in the reporting guidelines of the 
CHEERS statement (618).   
 
2.1 STUDY OVERVIEW 
 
The vaccination strategy was introduced to ten year old South African school-going adolescents 
in 2012. The strategy finds it base in the national health initiative to provide school-based SRH 
services (154), targeting learners prior to sexual debut. The study population was modelled through 
a 70 year inclusive lifetime horizon which was greater than the current estimated 61 year life 
expectancy in South Africa (637). This was done considering the constantly improving life 
expectancy in the country, probably attributable to the availability of improved health care 
technologies. The HIV vaccine was assumed to be included into the South African EPI and 
administration would occur at schools. The perspective of the health care provider was used and 
the findings were hoped to provide objective baseline data for health planning. The HIV vaccine 
modelled was considered to a prevention intervention that would reduce the HIV-associated 
burden of disease and mortality. The standard of care (comparator model) included the availability 
of HCT, the national roll-out of ART, STI treatment and condom distribution currently applied in 
South Africa (247, 295). The intervention model would include the simultaneous delivery of the 
comparator care, given that ART would still be in use. Economic cost and health outcomes were 
discounted at 3% as recommended by the WHO-CHOICE guidelines (537). South African HIV 
epidemiology is described in Table 25. 
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Table 25. Age-stratified South African population exploring treatment access 
The HIV epidemic in South Africa is detailed in Table 25. Treatment shortfall quantifies those who meet 
the ART eligibility criteria but remain unable to access the treatment.  
 
Age 
groups 
Population Susceptible Prevalence* 
On ARV 
treatment* 
Treatment 
shortfall† 
10 - 19 10 264 690 9 982 612 282 078 78 176 163 605 
20 - 29 11 010 305 9 386 287 1 624 018 411 831 941 930 
30 - 39 9 008 794 6 521 402 2 487 392 775 604 1 442 687 
40 - 49 4 479 445 3 329 718 1 149 727 358 501 666 842 
50 - 59 3 367 397 2 883 570 483 827 204 740 280 620 
60+ 3 665 571 3 534 983 130 588 55 260 75 741 
Totals 41 796 202 35 638 572 6 157 630 1 884 112 3 571 425 
*Shisana O et al. South African National HIV Prevalence, Incidence and Behaviour Survey, 2012. Cape Town, HSRC Press. 
2014, † UN Joint Programme on HIV/AIDS (UNAIDS). The Gap Report. 2014. 
 
2.2 OUTCOME MEASURES 
 
The LYG was used as the outcome measure because of the impact on mortality. The concept of 
the LYG is a modified mortality measure that quantifies life expectancy. The principle is that a 
younger person would accrue greater weight than would an older person, thus more life years are 
accumulated when saving the life of a younger person than with saving an older person. Thus, the 
life years are considered as the “remaining life expectancy at the point of each averted death” 
(548).  Life expectancies are extracted from life-tables mostly and tend to be setting specific or 
standardized by geographical area.  
 
The hypothetical HIV vaccine that was modelled was based on the vaccine currently being 
evaluated in Phase I/II clinical trials in South Africa. The characteristics of the HIV vaccine were 
based on the definition proposed by the P5, a diverse collaboration of organisations founded under 
the Global HIV Vaccine Enterprise to promote research based on the foundation of the RV144 
trial and to draw collaboration globally to assess HIV vaccine candidates going forward  (372). 
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The regimen modelled in this study mirrored HVTN 100 study, an adaptation of the ALVAC prime 
ALVAC/gp120/adjuvant boost of the RV144/Thai trial. In addition, a boost was given at month 
12 to enhance the immune response that was described as diminishing in the 12 months following 
vaccination in the RV144/Thai trial.  
 
Coverage was considered at 60% (range: 40-70%), representing an underestimation of the 3rd 
DTP3 dose of 68% (which serves as a proxy measure for national immunisation performance) 
(674). The HIV vaccine characteristics modelled were cost at US$ 12 per dose (base-case) (range: 
US$ 2-24), 50% vaccine efficacy (range: 30-70%) and a ten year duration of protection (achieved 
through the administration of annual boosters). The diminishing immune response in the 
RV144/Thai trial warranted the booster injections. The annual booster administration was not 
considered pragmatic but deemed necessary in light of the waning vaccine immune response 
reported. In economic terms, the annual booster merely represented a marginal increase in costs. 
The HIV vaccine price at US$ 12 approximated the price of the HPV vaccine procured by the 
South African government at US$ 17 per dose. Reduced vaccines pricing was considered possible 
given the successes in negotiating ART and HPV vaccines on government tender at markedly 
lower prices (644, 676).  HIV/AIDS utilities were drawn from pooled meta-analysis data  used to 
determine the cost-effectiveness of HIV-related interventions, (633).   
 
2.3 STUDY INPUTS 
 
Table 26 shows the input parameters of the model. A proposed vaccine coverage of almost 60% 
equated to approximately 6 million initial vaccine doses. Health service delivery was presumed to 
occur at the school. HIV-related costs were determined by using the treatment algorithms 
prescribed in the 2013 national HIV treatment guideline (247).  PHC trained nurses would be 
responsible for the health care given and referral of complicated cases. Pharmaceutical costs 
comprised ART, STI treatment and condoms issued. Intervention costs would comprise 
comparator costs as well as vaccine (and its delivery) and associated human resource costs. The 
cost of laboratory tests were obtained from the National Health Services Laboratory. Human 
resource cost of medical personnel [derived from the Uniform Patient Fee Schedule (UPFS)] as 
well as pricing of medication, consumables and additional pharmaceuticals were obtained from 
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the National Department of Health. Costs were inflation adjusted to the year 2012 using the CPI. 
The average exchange rate for the South African Rand (ZAR) to the United States dollar (US$) 
was applied. Costs were converted into the equivalent value for the 2012 US$ where (US$ 1 = 
ZAR 8.21) allowing for international comparison (591).           
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Table 26. Economic considerations and parameter costs modelled 
The estimates were drawn from the South African literature for 2012. Costs are in US$. 
HIV vaccine characteristics Value (Range) Reference 
Coverage 60% (40 – 70) assumption  
Price (US$) 12 (2 – 24) (274)  
HIV vaccine efficacy 50% (30 – 70) assumption  
Economics Value (Range) Reference 
Cost 3.0% (0 – 6%) (537) 
Outcome 3.0% (0 – 6%) (537) 
International comparison (ZAR: 1US$) ZAR 8.21 - (591)  
HIV disease related costs Distribution Value Reference 
HIV prevention programme    
HIV vaccine - 12 (372) 
Vaccine delivery per dose * Gamma 17 (638-642) 
Existing prevention programme (incl. HR) Gamma 65 (639-643) 
HIV counselling and testing (HCT) (per test) Gamma 23 (639, 640) 
Cost of HIV rapid testing Gamma 2 (639, 640) 
Current HIV programme (annual costs)    
Asymptomatic treatment (not on ART) Gamma 131 (247, 643) 
Symptomatic treatment (not on ART) Gamma 137 (247, 643) 
AIDS treatment (not on ART) Gamma 182 (247, 643) 
Patient on ART (average) Gamma 424 (247, 644) 
ART cost (annual)    
First-line regimen Gamma 10 (644) 
Second-line regimen Gamma 27 (644) 
Third-line regimen Gamma 173 (644) 
Laboratory costs (annual)    
First-line regimen (first year) Gamma 17 (247, 643) 
First-line regimen (subsequent years) Gamma 46 (247, 643) 
Second-line regimen Gamma 46 (247, 643) 
Third-line regimen Gamma 92 (247, 643) 
Not on ART Gamma 65 (643) 
*Annexure A outlines the costing structures used 
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Table 27 shows the HIV disease transition probabilities derived from the South African 
published data.  
 
Table 27. Transition probabilities showing annual disease progression risk 
Disease transition from one health state to the next is shown in Table 27. The estimates were drawn from 
the South African literature for 2012.  
Parameter Distribution Estimate Reference 
Change in HIV disease state    
Asymptomatic to symptomatic Beta 0.32 (658) 
Symptomatic to AIDS Beta 0.20 (659) 
AIDS to death Beta 0.21 (658) 
Change in drug regimens    
First-line to second-line Beta 0.10 (659) 
Second-line to third-line Beta 0.01 (660) 
 
2.4 MODEL-BASED ECONOMIC EVALUATION 
 
2.4.1 Semi-Markov model development 
Data was captured and analysed on Microsoft Excel® (Version 2010) (Microsoft Corp., Redmond, 
WA). The uncertainty analysis was performed with Ersatz version 1.2 (www.epigear.com). Ersatz 
is a boot-strap add-in application for Excel.   
 
A semi-Markov simulation was constructed and run with annual cycles (Figure 20). The 
‘memoryless’ nature of the semi-Markov model was countered by the addition of tunnel states. 
Vaccines were offered voluntarily to adolescents from ten years of age. The model consisted of 
eight health states. Individuals entered the model HIV uninfected and healthy (State 1). They then 
transitioned into a vaccinated (State 2) or unvaccinated (State 3) state depending on the coverage 
rate. Individuals in either of these states could enter into the asymptomatic HIV state (State 4). 
This is represented by the oval shape to emphasize that this is a primary endpoint. From an 
asymptomatic state, the disease of individuals may develop into a symptomatic (State 5) or AIDS 
(State 6) state. Once individuals were HIV-infected, they could advance into the ART pool where 
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treatment could be accessed (State 7). The treatment pool was divided into first, second and third 
line ART regimens, each with a possibility of progressing to death. Each previously mentioned 
health state could progress to death with different transition probabilities (State 8). During each 
cycle, an individual could remain in the current health state or progress to another. The arrows 
delineate the transition probabilities between the states. Costs and utility measures were then added 
to each health state and the model was able to predict costs and QALYs over the 70 year period 
for the intervention and the comparator. Event rates were considered the same for both arms of the 
study once the vaccine had been stopped.  
 
 
 
Figure 20. The semi-Markov model of the HIV vaccination strategy 
Vaccinated and unvaccinated individuals may acquire HIV infection and transition to the HIV-positive 
state. Once HIV infected, individuals may transition to the accessing ART (treatment pool). Any states may 
transition to death but at a rate specific to that health state.  
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One-way sensitivity analyses were used to determine the impact of single assumptions on cost and 
outcomes. Bootstrapping techniques using a PSA of 1000 iterations explored the model uncertainty 
and the robustness of the results. Cost-effectiveness scatter plots and CEACs were used to display 
these results graphically. The PSA data generated determined if the intervention fell below the 
WTP threshold. South Africa has no nationally determined WTP threshold, thus 1 X GDP per 
capita (very cost-effective at the 2012 value) was used as a proxy as recommended by the WHO 
Guide to Cost-Effective Analysis (537, 680). The WTP threshold was defined as US$ 7 508 (ZAR 
61 641) per QALY gained. The GDP per capita theoretically represents the value of an additional 
healthy life year and emanates from the ‘value of statistical life’ literature (587). In this study, the 
GDP is measured against the LYG instead of the QALY as no alternative exists to appropriately 
indicate cost-effectiveness in South Africa.  
 
2.4.2 Model life-table analysis 
The multi-state life-table described the differential mortality and morbidity of the model 
population under different interventions (693). This work comprised two model life-tables: the 
reference population with HIV and/or HPV associated mortality of the South African adolescent 
population under the current treatment strategies and the second table where the adolescent 
population was exposed to the vaccine interventions. Disease associated deaths were drawn from 
the literature as described in Table 26.  
 
The cohort model life-table methodology applied calculated the probability of death of a 
generation (study population) during their lifetime. Age-specific mortality rates related to specific 
cohorts are used in cohort life-tables, and these allow for known, projected changes in mortality 
(694).  National mortality data was used to determine the disease related mortality in the standard 
model life-table (as shown in Equation 19): 
 
Mtot = Mdis + Mother                                                                                                             (Eq. 19) 
 
Where  Mtot = total mortality identified in the age / sex group, Mdis = mortality attributed to the disease state 
and Mother = mortality attributed to all other causes. 
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HIV prevalence estimates was obtained from South African National HIV Prevalence, Incidence 
and Behaviour Survey, 2012 (97). The ratio between the comparator and the intervention groups 
was used to calculate the relative reduction in HIV-related mortality attributable to the intervention 
(reflected in Equation 19). This reduction was used in the model life-table ensuring that 
comparisons could be made including the individuals surviving, life expectancy and the 
cumulative years lived.  
 
RRm  =   
𝑀𝑖
𝑀𝑐
                        (Eq. 20) 
 
Where RRm   = mortality risk reduction, Mi  = mortality risk in the intervention group and Mc = mortality risk 
in the comparator group. 
 
Figures entered into the model life-table determined the effect of the intervention on life 
expectancy and the number of life years gained. Generally, the model life-table generally estimates 
the mortality values in a population and determines life expectancy as calculated from birth (600). 
The life expectancy is evaluated using the following formula (Equation 21) (665): 
 
ex =
𝑇𝑥
𝐼𝑥
                             (Eq. 21) 
 
Where ex  = life expectancy at age X, Tx = cumulative person years lived after age X and  lx  = individuals 
alive at beginning of age X.   
 
The LYG is simply the difference in the cumulative number of years remaining from the age (X) 
in the intervention group comparator groups. 
 
LYG = Tx(2) – Tx(1)                                                                                                                                        (Eq. 22) 
 
Where Tx(1)  = cumulative number of years remaining from the age (X) in the comparator group and Tx(2) 
= cumulative number of years remaining from the age (X) in the intervention group.  
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The ICER calculations used the values from the cumulative years lived in the intervention and 
comparator groups. The ICER calculates the difference in costs and divides it by the difference in 
effects (i.e. LYG) between strategies (Equation 23). The ICER is measured in US$ per LYG 
gained.  
 
ICER =  
𝐶2− 𝐶1
𝐸2− 𝐸1
=  
∆𝐶
∆𝐸
                                       (Eq . 23) 
 
Where C1 and E1 = costs and effects of the comparator, and C2 and E2 = costs and effects of the intervention.  
 
2.4.3 Years of potential life lost 
The YPLL measures the incidence of ‘premature’ mortality in a population to an age at when the 
death is regarded as unexpected (695, 696). The YPLL concept gives a quantitative value to the 
social and economic losses emanating from premature death, and is valuable in evaluating 
specified causes of death especially in younger populations (666). YPLL combines the age of death 
and by applying mathematically calculated weights, assigns values to deaths occurring at specific 
ages (Equation 22) (666, 696, 697).  
 
YPLL = Σ(ndix) x [70 – (n x 5)]                                                                                           (Eq. 24) 
 
Where nd
i
x = number of deaths due to HIV/AIDS from age x to age x + n and n is the width of the age 
interval (in this study ten-year age intervals were used) and 5 represents the number of years till the midpoint 
of the age interval is reached.  
 
2.4.4 Cost consequence analysis 
Absolute risk reduction (ARR) is expressed as a percentage. The ARR is the difference in the risk 
of an outcome of the intervention compared to the comparator. It was calculated as the difference 
in the mean values of the parameter of interest and the calculation formula (Equation 24).  
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HIV incidence comparator – HIV incidence intervention = ARR [%]                             (Eq. 25) 
 
Where the HIV incidence comparator and HIV incidence intervention represented mean percentages and the 
difference in values was the ARR percentage.  
 
The difference in per capita costs between the intervention and comparator costs was then divided 
by the ARR obtained for HIV incidence and HIV mortality to yield the outcome value of cost per 
percentage reduction in disease. The outcomes for both the ARR and the percentage reduction in 
disease burden were analysed by gender to determine the area of greatest health impact.  
 
2.4.5 Model assumptions 
Participants were considered to enter the model prior to sexual debut. Children of school-going 
age were presumed to be attending school, and drop-out rates were not considered. The model 
assumed that HCT and the national HIV vaccination intervention were implemented as part of a 
school-based health care providing comprehensive health care to quintiles of learners. The model 
assumed favourable uptake of school-based care based on the fact that health care provision 
occurred in the familiar and non-prejudicial school setting without encroaching on school 
attendance. No formal pilot studies of school-based health care have been identified to date, thus 
these assumptions are speculative.  
  
2.5 ETHICAL CONSIDERATION 
 
Ethical approval for the study was obtained from the Human Research Ethics Committee (Medical) 
of the University of the Witwatersrand. 
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3. RESULTS  
 
3.1 COSTS OF MODELS 
 
Per annum, the per capita cost of the intervention (US$ 89) represented an 11% increase on the 
per capita costs of the comparator which was US$ 80. Table 28 lays out the cost breakdown. There 
are no significant differences in human resources and laboratory costs, but the intervention does 
reflect a marginal saving on these costs. The pharmaceutical costs in the intervention group is 31% 
higher than in the comparator group, likely accounted for by the vaccine boosters required to 
ensure durable protection was attained. A vaccine price of US$ 12 was considered in Table 28.   
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Table 28. Comparison of costs and components of the HIV vaccination programme  
Detailed costs of the intervention compared to the standard of care. The intervention includes the vaccine 
intervention and the comparator costs. Costs are shown in US$. 
Cost category 
Per capita expenditure 
Intervention Comparator Difference  (% change) 
Laboratory 12.73 13.09 0.35 (-2.78) 
HIV rapid testing  1.06 1.41   
CD4 count 4.05 4.05   
Pap smear 1.13 1.13   
Viral load 5.95 5.95   
Creatinine 0.53 0.53   
Pharmaceuticals 39.86 30.21 9.64 (+31.92) 
STI treatment 1.11 0.92   
Condom distribution 1.35 1.12   
Contraception 0.77 0.63   
Anti-retroviral therapy 27.34 27.34   
Vaccine 8.94 0.00   
Vaccine delivery* 0.15 0.00   
Bactrim® prophylaxis 0.20 0.20   
Human resources 35.94 36.67 0.63 (-1.76) 
PHC nurse 20.70 22.24   
Counsellor 11.03 11.81   
Enrolled nursing assistant 1.68 0.00   
Medical officer 0.46 0.46   
Medical specialist  2.07 2.07   
Transport † 0.47 0.00 - - 
Total 89.00 79.87   
*Vaccine delivery includes the needle, syringe and alcohol swab for administration 
†Calculated from average car rental cost incurred in providing a school-based service 
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3.2 DETERMINING THE COST AND COST-EFFECTIVENESS OF A NATIONAL 
HIV VACCINE PROGRAMME 
 
Implementing the HIV vaccine programme nationally would be considered cost-effective at an 
ICER of US$ 5 per LYG. This would be at a base-cost of US$12 per dose [Table 29 – shaded 
area].  Against the criteria for cost-effectiveness recommended by the WHO, the national HIV 
vaccine programme would be considered highly cost-effective. Lower priced vaccines would 
positively impact the sustainability of the programme. Vaccines priced at US$ 6 per dose will 
reduce the programme cost by 5% (US$ 52 million) of the base vaccination programme; translating 
to an ICER of US$ 2 per LYG.  Vaccines priced at US$ 2 per dose would produce more favourable 
outcomes – the ICER would be US$ 1 per LYG representing a 9% reduction (US$ 84 million) in 
the programmatic costs compared with using a vaccine at a cost of US$ 12 per dose.   
  
Table 29. Cost-effectiveness of a national HIV vaccination program at varied vaccine prices 
The programmatic costs were calculated if the vaccine costs were varied. The cost values reflect annual 
expenditure. At baseline (shaded) vaccine cost of US$ 12 per dose, the annual programmatic cost would be 
approximately US$ 1017 million representing a US$ 9 increase from the base cost per capita.  All other 
evaluations are relative to the base vaccine strategy.      
 
Vaccine pricing           Program cost (millions) Cost per 
Structure Per dose Total Change from base (%) Capita* LYG Death averted 
Very low 2 933 -84 (-9) 1 1 421 
Low 6 967 -50 (-5) 4 2 1106 
Base cost 12 1017 - - 9 4 2131 
Medium 18 1067 50 (+5) 13 6 3161 
High 24 1118 101 (+10) 18 8 4189 
*increase in cost per capita 
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3.3 UNCERTAINTY ANALYSIS 
 
3.3.1 The effect of coverage on cost and life expectancy 
Table 30 shows how increased vaccine coverage would result in higher programme costs. 
Increasing vaccine coverage also results in improved life expectancy. The higher cost has to be 
considered against this improvement in life expectancy, prior to the vaccine strategy is deemed 
cost-effective. Other vaccine characteristics would also have to be factored before the decision is 
made.  
 
Table 30. One-way sensitivity analysis of coverage on health outcomes 
The coverage rate is varied in Table 30. Increasing the vaccine coverage results in increased programmatic 
costs.  
 
 Cost (million  US$)  
Coverage Comparator  Intervention  Increase in cost Life expectancy 
40% 913 982 70 54.6 years 
60% 913 1017 104 55.5 years 
70% 913 1034 122 55.9 years 
 
 
3.3.2 Probabilistic sensitivity analysis 
 
ICER and WTP results 
PSA was used to assess the uncertainty around the ICER. The HIV vaccine intervention resulted 
in an ICER of US$ 5 per LYG (95% CI ZAR 3-12). Projections of the intervention programme at 
national level were estimated at US$ 1017 million annually, representing a US$ 104 million (11%) 
increase on the comparator cost (US$ 913 million). The cost was driven by both the need for 
boosters and that the vaccine strategy would target approximately 6 million HIV uninfected 
adolescents aged between 10-19 year compared with ART provision to just under 80 000 
adolescents of the same age in the comparator group. The intervention did yield a mean cumulative 
gain of 24 million LYG (95% CI 9 - 34 million years) in the total population. Figure 21 evaluated 
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the cost-effectiveness of the vaccine strategy and assessed the effect of changing the vaccine 
efficacy on the ICER. At 30% vaccine efficacy (low), the intervention may not be cost-effective 
as the iterations appear on both sides on the WTP threshold.  At higher vaccine efficacies (50% 
and 70% respectively), the iterations remained below the WTP threshold implying the strategies 
to be highly cost-effective (as per the WHO recommendation) (537). 
 
 
 
Figure 21. Willingness-to-pay analysis explored by varying vaccine efficacy 
The scatter plot of the costs and health outcomes from the probabilistic sensitivity analysis are shown in 
Figure 21. Incremental cost represents the difference in cost between the comparator and the intervention 
programmes. Incremental effect reflects the difference in health outcomes between the comparator and 
intervention programmes. The unit of measure for health outcomes is years of life saved.  
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3.4 IMPROVEMENTS IN LIFE EXPECTANCY AND ASSESSING THE 
POTENTIAL YEARS OF LIFE LOST 
 
The results of the model life-table simulation are shown in Table 30. Implementation of this 
intervention in the 10-19 year age group yielded a three year improvement in life expectancy, in 
addition to the significant increase in cumulative gain of years lived in the age group. The increase 
in life expectancy documented in the 10-19 year group, resulted in subsequent increases reported 
in the age groups that followed. The YPLL from the HIV/AIDS contribution to ‘premature’ death 
is also shown in Table 31. The years of life lost without the vaccine introduction (70 640) is greater 
than the years lost under the intervention (48 400), demonstrating the value of vaccine 
implementation.   
 
Table 31. Model life-table analysis and years of potential life lost 
The life-table tracks the movement of vaccinated individuals aged 10-19 years.  Columns Ix describes the 
intervention impact on mortality reduction, columns Tx reflects the combined years lived with and without 
the intervention and columns ex reflect the improvement in life expectancy as a result of the intervention.  
Age (x) No vaccination (Comparator)  Vaccination (Intervention ) 
Life expectancy Ix Tx ex  Ix Tx ex 
 (millions) (millions)   (millions) (millions)  
10 – 19 10.0 529.1 53.0  10.0 553.6 55.5 
20 – 29 9.8 429.9 43.7  9.9 454.4 46.1 
30 – 39 9.3 334.4 36.1  9.4 358.2 38.2 
40 – 49  8.3 246.8 29.9  8.6 268.3 31.2 
50 – 59 7.1 170.0 23.9  7.6 187.2 24.6 
60+ 5.8 105.5 18.2  6.3 117.4 18.6 
YPLL        
10 – 19   70 640    48 400  
Ix- individuals surviving, Tx - cumulative years lived, ex - remaining life expectancy at age x 
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3.5 COST CONSEQUENCE RESULTS 
 
The data generated was able to project the 10 year ARR in HIV-associated mortality and incidence 
seemingly offered by the HIV vaccine intervention.  Table 32 outlines the detailed cost breakdown 
and in addition, highlights the vaccine impact by gender. The most notable reduction in HIV 
incidence was documented among females (0.53%), given their high disease burden. However, all 
scenarios reflected improvements in health outcomes.  
 
Table 32. Reduction in disease risk and associated cost consequences 
The ARR was evaluated over a 10 year period.   
 10 year risk: Mean % (SE) Absolute risk  Cost  
 Intervention Comparator reduction consequence* 
Total       
Incidence 1.08 (0.08) 1.49 (0.15) 0.42% 20.87 
Mortality 1.05 (0.01) 1.45 (0.04) 0.41% 21.36 
Male       
Incidence 1.09 (0.09) 1.51 (0.15) 0.42% 20.67 
Mortality 1.10 (0.02) 1.52 (0.05) 0.42% 20.45 
Female       
Incidence 1.40 (0.12) 1.94 (0.22) 0.53% 16.29 
Mortality 1.03 (0.02) 1.42 (0.04) 0.39% 22.05 
*per 1% reduction in risk 
HIV - human immunodeficiency virus, SE - standard error 
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4. DISCUSSION  
 
This study attempted to determine the cost-effectiveness of a hypothetical HIV vaccine roll-out to 
South Africa school-going adolescents. The burden of HIV disease in South African is globally 
acknowledged as generalized with young people and adolescents disproportionately affected 
(698). Concerted nationally implemented HIV prevention efforts (including increasing ART 
coverage by 75% between 2009-2011 and establishing the largest condom distribution network 
globally) have been threatened by South Africa accounting for 16% of the global incidence of HIV 
in 2013 (97, 298). The high HIV incidence among adolescents reinforced the need to reach this 
key population with innovative HIV prevention interventions   if HIV-associated mortality and 
incidence rates are to be curtailed (698). Without a doubt, the introduction of a potential HIV 
vaccine strategy in schools represents a sizable initial financial injection when considering the 
start-up costs required. The health benefits in terms of improved life expectancy, reduced potential 
years of life lost and decreased HIV mortality and incidence serve to justify the expenditure to an 
extent. Life expectancy was also sensitive to vaccine coverage rates, while cost-effectiveness was 
sensitive to vaccine efficacy.   
 
The financial plausibility of HIV vaccine implementation was confirmed by both the model life-
table findings and the cost-effectiveness analyses (537). Programmatic costs of higher priced 
vaccines remained cost-effective, but the programmatic costs were substantially higher. Much of 
the per capita cost of the intervention could be attributed to costs associated with the booster 
vaccinations. This requires a substantial investment considering the several competing burdens of 
disease that stakes claim to a limited South African health budget (5). Sustaining the ART 
programme in the long term is daunting, similarly financially sustaining a potential HIV vaccine 
programme over several years may prove equally concerning. The comparator cost includes those 
on treatment currently (excluding the 58% of people eligible but unable to access treatment  (300)). 
Thus the comparator cost has been grossly underestimated, and the shortfall has to be covered. 
Scaling-up of ART is not a primary prevention strategy and is unlikely to definitively reduce the 
incidence of HIV as a primary strategy (e.g. vaccination) could. In addition to averted infections 
being cost-saving from the perspective of the provider, it may also translate to substantial financial 
savings by reducing ART demand (699). South Africa has enjoyed success in attaining lower 
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prices for ART and the HPV vaccine, and this augurs well for the procurement of the HIV vaccine 
when it becomes commercially available (644, 676). If vaccine development fails to develop a 
longer-acting booster, then the more frequent administration of the booster (and the cost it entails) 
required to maintain the protective effect of the vaccine becomes a key factor in determining the 
cost-effectiveness of the intervention. Long term, the vaccine has the ability to impact health 
outcomes, apart from the economic benefits discussed. HIV vaccine implementation has the 
capacity to impact health outcomes long term. The mean cumulative increase in LYG demonstrates 
this by improving life expectancy in South Africa, a parameter considered a strategic output of the 
National Service Delivery Agreement (293).  
 
While the South African HIV disease epidemic is assumed to be mostly heterosexual in nature, 
this work adopts a simplified assumption of a complex sexual network in South Africa.  Individuals 
involved in high-risk behaviours remain susceptible to infection as a result of repeated exposure 
to risk almost negating the protection offered by the vaccine compared with those at seemingly 
low risk. A partially effective vaccine may still play a role in ‘avoiding’ or delaying infection even 
if it is unable to completely prevent the infection from establishing itself within the population  
(700). In fact, at population level, a partially effective vaccine modelled in the USA demonstrated 
temporal reductions in HIV infections and thus significant health benefit (690). Andersson et al. 
concurred with the USA findings when the RV144/Thai trial vaccine was modelled in the South 
African context, but warned that vaccines with shorter durations of protection would be effective 
in the scenario where coverage levels were high, corresponding to millions of vaccine doses being 
required (701).  
 
Adolescents are an important target for the vaccine intervention. Apart from their major role in 
disease transmission, school-going adolescents appear to be easier to access than other high-risk 
populations (i.e. commercial sex workers) who are difficult to reach because of being marginalised 
and stigmatised (701). However, adolescents have documented historical challenges in accessing 
public health services in South Africa with concerns including confidentiality breeches and 
judgmental health care staff. With this in mind, it is not surprising that many do not return for 
continuation of care (95). The school setting is considered a “safe space” in terms of being free of 
prejudicial attitudes, a space that could be extended to include peer discussion and provision of 
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relevant health services. However, neglecting adolescent health care and the failure to address the 
barriers to health care described by the adolescent could potentially undermine any success 
achieved by HIV prevention initiatives to date (172). Another potential deterrent to the uptake and 
coverage of HIV vaccines is the poor social acceptance of the HIV vaccines (often fuelled by 
perceived side-effects) (702).  Understandably, it is virtually impossible for hypothetical models 
to emulate real-life behavioural changes but knowledge of these situations highlights the need to 
provide wide-ranging sexual counselling and risk reduction education; which may prove easier to 
deliver in the school setting (703).  
 
There were several limitations identified in the study. Firstly, it is difficult to map the degree of 
behavioural risk-taking (if any) that could occur following vaccination and was thus not assessed 
in the evaluation. Having said this, sexual risk behaviour changes following HIV vaccination are 
generally difficult to grasp in the African situation (703). In high HIV prevalence communities 
such as South Africa, decreased condom use (even in the context of stable relationships) are likely 
result in increased in HIV acquisition (703). Data emanating from South African has suggested 
that there is a poor understanding of the ‘low-efficacy’ concept, which was additionally associated 
with a reported potential decrease in condom use. The degree of behavioural disinhibition is 
postulated to depend largely on how the HIV vaccine effects are marketed to the public (699). 
Behavioural disinhibition thus becomes an important consideration when exploring the low 
efficacy described in the candidate vaccines testing to date (703). Secondly, the herd immunity 
was not assessed but Long et al. has suggested that even partially efficacious vaccines may confer 
some protection to the unvaccinated population through herd immunity (690). The suggestion of 
benefit to those unvaccinated is critical when considering the modest coverage of childhood 
vaccinations in South Africa as it speaks directly to the country’s capacity to successfully deliver  
the HIV vaccine (674). A 60% coverage rate implies that an unprecedented six million adolescents 
be vaccinated; further implying high initial implementation costs. Thirdly, the perspective of the 
provider was considered because the bulk of direct medical programme costs will be carried by 
the public health care sector. The societal costs were not formally assessed, but it is not 
unreasonable to suggest that the contribution would be significant and could thus contribute to the 
overall vaccine cost-effectiveness. Fourthly, the original RV144/Thai trial work did not assess 
booster vaccination (690). Therefore assuming that the booster vaccination affords the vaccine 
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recipient the same protection as the initial vaccination is hypothetical. There have been rather  
limited discussions of the booster vaccinations or its potential efficacy evaluated in the literature 
(703). Annual boosters would drive up the administration costs and therefore drastically increase 
the programmatic costs. This is the key difference identified between the comparator and 
intervention cost. Targeting the relatively stable school population will hopefully contribute to 
minimising the attrition rates among vaccine recipients. Finally, this study evaluated HIV 
vaccination in isolation comparing it to the current standard of care (i.e. ART roll-out and condom 
distribution). It is most likely that the HIV vaccine would work in conjunction with other 
prevention strategies such as VMMC in a clinical setting; and an ideal “basket” of prevention 
interventions could be determined once newly validated information becomes available (690, 699). 
As the national HIV incidence has yet to be definitively curbed by public sector HIV prevention 
strategies, it becomes imperative to evaluate potential new interventions individually.  
 
5. CONCLUSION 
 
These findings suggest that the national programme of HIV vaccines administered to South 
African school-going adolescents would be a viable and cost-effective measure for reducing the 
considerable HIV disease and economic burden. Beneficial health outcomes associated with HIV 
vaccine implementation include reductions in HIV-associated mortality and incidence and 
improved life expectancy as shown by the model. Vaccines offering longer duration of protection 
(and thus requiring fewer boosters) would greatly drop programmatic costs. This work does 
provide those planning the health services with invaluable, relevant baseline South African data 
for considering the implementation of the HIV vaccine nationally. However, decision-makers 
would be able to judge the cost and disease implications more realistically once the actual vaccine 
efficacy, duration of protection and cost have been determined.  
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CHAPTER 7 
 
RESULTS: COST-EFFECTIVENESS ANALYSIS OF DUAL HIV AND HPV VACCINE 
PROGRAMMES FOR SCHOOL-AGED GIRLS IN SOUTH AFRICA 
 
 
1. INTRODUCTION 
 
The global burden of HIV is disproportionately concentrated in Africa with disturbingly high rates 
of incident disease occurring among young women and adolescent girls (285). South African 
women of reproductive age (15-49 years) account for a staggering 18% of the national HIV 
prevalence and are two times more likely than males to be HIV-positive (97, 637). Not 
unexpectedly, cervical cancer ranks as the most prevalent cancer in the same age group (92). The 
link between HIV and HPV has long been established. HIV acquisition is enhanced in the presence 
of cervico-vaginal HPV disease (654, 655) and HPV detection increases rapidly within the first 
few years following HIV seroconversion (653). The relationship between HIV and HPV manifests 
clinically as a rapid progression of HPV disease to higher grades or invasive lesions, that often are 
refractory to treatment, in the presence of pre-existing HIV disease (651).  This result is significant 
associated mortality and morbidity, and a disease burden particularly concerning to the National 
Department of Health.   
 
South Africa has the highest cervical cancer incidence and mortality globally (92). The 2001 South 
African cervical screening guideline suggested an algorithm of 3 Pap smears in a lifetime – starting 
at age 30 and at ten year intervals. The programme was anticipated to reduce the cumulative 
incidence of cervical cancer by 64% but the guideline has been subject to intense scrutiny as it has 
yet to be updated in the wake of the HIV epidemic. Further, the programme has been marred by 
inadequate infrastructure, poorly trained staff and dismal uptake of screening and subsequent 
treatment (17). With cervical cancer defined as AIDS defining since 1993 (704) and the 
acknowledgement of the synergism between the diseases, the national HIV policy calls for annual 
cervical screening of HIV-positive individuals (247). Neither of the cervical screening 
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programmes has been established; and the national cervical screening rate remains currently a mere 
14% of the 70% anticipated (92). Conversely the HIV epidemic has received considerable 
attention. Massive campaigns have been initiated encouraging voluntary HIV testing (295).  The 
mother to children transmission rate has been driven down to 2% in 2013/14 by offering PMTCT 
services at 98% of PHC facilities since 2010 (297). Most significantly, the South African ART 
programme expanding by 33% between 2010 -2013 has been internationally lauded (300).  
 
The vaccine intervention reaching school-going girls is constrained by their ability to access health 
services. As a population group vulnerable to HIV and HPV disease, young girls have had to 
contend with inaccessible clinic hours and harsh judgment from health care staff regarding 
sexuality choices and contraception (151). It is at this juncture that the National Department of 
Health’s re-engineering of PHC and, in particular, the development of school-based SRH services 
becomes a critical cog in preventive health care (154). A school-based programme allows the 
delivery of a comprehensive package of sexual health services in a safe and non-threatening 
environment. There is no intervention more cost-effective than vaccination (668). The HPV 
vaccination of young girls has been universally accepted as cost-effective in all settings (705).  
This cost-effectiveness has not been demonstrated in their male counterparts (281, 654). The 
situation is different regarding the HIV vaccine. Following the first successes demonstrated among 
human subjects in Thailand (339), the HIV vaccine regimen has undergone clade specific 
modification with the development of a new bivalent clade C protein  and adjuvant (MF59); and 
has been entered into Phase I/II testing at six major sites in South Africa. Like the HPV vaccine, 
the HIV vaccine regimen would require a point of access into the health care system that will allow 
seamless integration of the vaccine into existing health services once it is commercially available. 
A school-based programme could opportunistically administer these vaccines to a stable 
population of vaccine recipients potentially prior to the onset of sexual activity. 
 
The purpose of this economic evaluation was to assess the health impact, cost and cost-
effectiveness of three vaccine interventions administered in a school-based programme targeting 
females: (1) HIV vaccination; (2) HPV vaccination and (3) dual HIV and HPV vaccination. The 
scenarios were compared with the standard of care provided at South African public sector health 
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facilities. Sensitivity analyses of parameters considered in the model, including vaccine pricing, 
discount rates and vaccine coverage, were conducted.  
 
2. METHODS 
 
The study complied with the reporting guidelines of the CHEERS statement (618).   
 
2.1 STUDY OVERVIEW 
 
Uptake of the vaccine intervention was voluntary and aimed at all nine year old South African 
school-going females in 2012. This intervention was intended to be introduced as part of school-
based SRH services – a focal initiative by the national health department (154), and was intended 
to target learners prior to their sexual debut. While the rationale for this was self-explanatory in 
the case of the HIV vaccine, the HPV vaccine was shown to have no effect on prevalent infection 
or disease (252).  The hypothetical population was modelled through a 70 year lifetime horizon, 
congruent with current life expectancy in South Africa (637). It was assumed that these vaccines 
would be integrated into the EPI offered in the South Africa and be delivered at school health 
facilities. The adoption of the provider perspective was particularly relevant to the review of health 
service delivery and for exploring the financial implications of introducing health interventions in 
the public sector. Additionally, the provider perspective was used so that the information garnered 
would potentially guide national health decision-making regarding this issue. Economic costs and 
health outcomes were discounted at a rate of three percent, with an uncertainty range of zero  to 
six percent, as recommended by the WHO-CHOICE (537). 
 
The HPV vaccine was modelled as prevention against HPV-related cervical cancer and pre-
cancerous HPV-related cervical states. The HIV vaccine used in the simulation was hypothetical 
and considered a prevention strategy aimed at reducing HIV-associated burden of disease and 
mortality. The intervention of vaccination was compared against the current standard of HIV care 
and prevention (comparator) in the South African public sector (viz. ART, STI treatment and 
condom distribution) (247, 295). Similarly, the cervical screening comparator was based on the 
2001 National Guideline for Cervical Cancer Screening Programme which  predicted a 64%  
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reduction  in cumulative incidence  of  cervical cancer with three lifetime smears done at ten year 
intervals from age 30 years  (246).  The 2013 National HIV Treatment guideline argues for annual 
cervical screening of HIV-positive women given that increased incidence of cervical disease in the 
face of HIV (51, 268). In both instances, identified cervical disease is referred to public sector 
clinics or hospitals for further management. These two cervical screening policies discussed 
represent the standard of care associated with cervical disease in South Africa.  
 
2.2 OUTCOME MEASURES 
 
The validation of the EuroQol EQ-5D health outcome measurement tool for measuring HRQOL 
of HIV/AIDS in Africa validates the use of the QALY in the South African health environment 
(555). The QALY incorporates survival and HRQOL into a single summary measure of health that 
informs decision-making about the relative value for money of health care interventions (624). 
The QALY is estimated by calculating the total LYG from an intervention and then each year is 
multiplied by a quality of life score (where 0 = worst health and 1 = best health) to reflect the 
quality of life in that year (130). The computer simulation then determined the ICER of the current 
treatment strategies with and without vaccination (Equation 24):   
 
ICER =  
𝐶2− 𝐶1
𝐸2− 𝐸1
=  
∆𝐶
∆𝐸
                                     (Eq . 26) 
 
Where C1 and E1 = costs and effects of the comparator, and C2 and E2 = costs and effects of the 
intervention.  
 
The bivalent vaccine [Cervarix® (GlaxoSmithKline Biologicals, Rixensart, Belgium)] contains the 
VLP types 16 /18 that have been implicated in 64% of cervical cancer is South Africa (92). The 
efficacy modelled in this evaluation was chosen from the PATRICIA as the study criteria closely 
resembled the economic evaluation (274). Table 33 presents effectiveness measures from the 
PATRICIA study.  
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Table 33. Assessing the Phase III efficacy HPV bivalent vaccine studies in young women 
The PATRICIA efficacy measures (shaded) were adopted in the economic evaluation as the primary end-
points and study inclusion criteria more closely reflected the parameters considered in model (274, 631).  
 
PATRICIA 
Rationale for PATRICIA 
choice  
Vaccine Cervarix Bivalent vaccine currently being 
implemented in SA government 
schools  
VLP types 16/18 
No. study sites 135 Findings have greater 
generalisability with more study 
sites and countries 
No. countries 14 
Age 15 - 25 Younger age group considered in 
analysis 
Lifetime no. sexual 
partners 
 6 Reflects the assumed sexual 
naivety of the group 
Primary endpoints 
Incident HPV 16/18 associated  
CIN2+ or greater  
Considered the long-term 
implications of HPV disease 
 Total Vaccine Cohort  
 
 % Efficacy (95% CI) 
Rate 
reduction 
 
Health states integrated into the  
Markov model Protection afforded CIN2+ 60.7 (49.6-69.5) 0.43 
 CIN3+ 45.7 (22.9-62.2) 0.13  
 AIS 70.0 (-16.6-94.7) 0.02 
 
The hypothetical HIV vaccine described in the study is currently being evaluated in Phase I/II 
clinical trials in South Africa. The characteristics of the HIV vaccine discussed were proposed by 
the P5, a diverse collaboration of organisations founded under the Global HIV Vaccine Enterprise 
to promote research based on the foundation of the RV144 trial and to draw collaboration globally 
to assess HIV vaccine candidates going forward 
(372).    
 
HIV/AIDS related pooled utilities were drawn from a meta-analysis and applied to the cost-utility 
analyses of HIV prevention interventions (633). Similar pooled utility measures for HPV-related 
disease states do not exist in South Africa. Instead, quality of life weights were drawn from the 
available literature.  The utility weights for both diseases appear in Table 34.   
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Table 34. Utility weights for HIV and HPV-related disease 
The table describes the health-related quality of life weights for the different health states of both 
diseases. 
Parameters Estimate Source 
Full health 1  
HPV disease   
LSIL 0.91 (122) 
HSIL 0.87 (122) 
Cancer  0.65 (266) 
Cancer survivor 0.84 (122) 
HIV disease   
Asymptomatic 0.94 (633) 
Symptomatic 0.82 (633) 
AIDS 0.70 (633) 
 
2.3 STUDY INPUTS 
 
Table 35 lists the input parameters of the study.  Transition probabilities relating to HIV and HPV 
disease states were drawn from the South African literature search. Costs were inflation adjusted 
to the year 2012 using the CPI. The average exchange rate for the South African Rand (ZAR) to 
the United States dollar (US$) was applied. Costs were converted into the equivalent value for the 
2012 US$ where (US$ 1 = ZAR 8.21) allowing for international comparison (591). 
 
Approximately 6 million girls would be vaccinated with the initial vaccine dose at an estimated 
coverage of 60%. The hypothetical HIV vaccine was modelled at a cost of US$ 12 per dose (base-
case), had a 50% vaccine efficacy, 60% coverage rate  and conferred 10 year duration of protection 
(requiring annual boosters). While the issue of annual boosters does not appear practicable,  it was 
introduced into this analysis as a result of the immune response diminishing in the RV144/Thai 
trial 12 months following initial vaccine administration (339). In the context of this economic 
evaluation, the introduction of the boosters represents an overestimation of cost while still 
appropriately maintaining the desired vaccine effect. The HIV vaccine characteristics are 
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hypothetical and based on the vaccine profile defined by the P5 drawn from major HIV vaccine 
clinical studies conducted thus far. The bivalent HPV vaccine was modelled as it is being 
administered in lower socio-economic schools as part of the government programme (650). The 
negotiated vaccine price was US$ 17 per dose and efficacy was determined by the documented 
clinical trials of the vaccine (274). The complete vaccine course ran over 2 years and was given 
concomitantly with the HIV vaccine to achieve a vaccine coverage of 60%. The duration of 
protection conferred by the HPV vaccine is assumed to be lifelong (662). The vaccine was 
delivered at schools in conjunction with the health care services that the national government 
envisions initiating in schools as part of the primary health care restructuring.  
 
Relevant HIV-related cost components were drawn from the 2013 national treatment guideline 
adopted in the South African public health care sector (247).  The costs associated with the 
treatment of cervical cancer and pre-cancerous lesions were drawn from previous economic 
analyses (130). Regarding the HIV treatment, it was assumed that PHC nurses would consult 
patients, and complicated cases would warrant upward referral to doctors or medical specialists.  
The cost of pharmaceuticals encompassed ART, treatment of STIs and condoms. The intervention 
costs comprised the comparator costs in addition to the costs associated with provision of the 
vaccine and its delivery (including accounting for consumables and human resources). The price 
of laboratory tests including Pap smears (provided by the NHLS), the cost of medication, 
consumables and additional pharmaceuticals and costs of human resources including medical 
personnel were based on the UPFS and derived from the National Health Department. Table 36 
details these costing parameters.    
 
 
 
 
 
 
 
 
186 
 
Table 35. Model parameters pertaining to the female population 
Disease transition from one health state to the next is shown in Table 35.  The estimates were drawn from 
the South African literature for 2012.  
Parameters  Base-case 
estimate 
Reference 
Vaccine characteristics   
Coverage 60% assumption 
HPV vaccine efficacy 70% (274) 
HIV vaccine efficacy 50% assumption 
Treatment uptake   
Cervical screening 13.60% (92) 
ARV therapy 29.00% (300) 
HPV treatment 35.30% (250) 
Transition probabilities (represented as percentages) 
HIV-negative   
Development of LSIL 3.00 (651) 
Progression of LSIL to HSIL 1.69 (651) 
Progression of HSIL to cancer 3.84 (250) 
HIV-positive    
HIV incidence in general population 2.28 (97) 
HIV incidence in HPV disease 5.39 (651) 
Development of LSIL 14.00 (51, 268) 
Progression of LSIL to HSIL 6.00 (51, 268) 
Progression of HSIL to cancer 8.10 (651) 
Mortality   
Mortality in general population 1.16 (637, 678) 
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Table 36. Unit cost of screening, diagnosis and treatment of HPV disease in 2012 
The estimates were drawn from the South African literature for 2012. Costs are in US$.   
Economics Value Range Reference 
Cost 3.0% (0 – 6%) (537) 
Outcome 3.0% (0 – 6%) (537) 
International comparison (ZAR: 1US$) ZAR 8.21 - (591) 
HIV disease related costs Distribution Value Reference 
HIV programme    
HIV vaccine - 12 assumption 
Vaccine delivery per dose* Gamma 17 (638-642) 
Existing prevention programme (incl. HR) Gamma 65 (639-643) 
HIV counselling and testing (HCT) (per test) Gamma 23 (639, 640) 
Cost of HIV rapid testing Gamma 2 (639, 640) 
ART treatment Gamma 310 (640, 643, 644) 
Not on ART Gamma 65 (643) 
HPV-related disease Distribution Value Reference 
HPV prevention programme    
Cervical screening Gamma 82 (640, 643) 
HPV vaccine - 17 (706) 
Vaccine delivery per dose Gamma 17 (638, 640) 
Treatment costs    
HSIL Gamma 942 (130) 
Cervical cancer Gamma 7329 (130) 
*Initial course comprises 6 doses 
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2.4 MODEL-BASED ECONOMIC EVALUATION 
 
Data capture and data analysis was done using conducted in Microsoft Excel® (Version 2010) 
(Microsoft Corp., Redmond, WA). Ersatz version 1.2 (www.epigear.com) was used to perform the 
uncertainty analysis. Ersatz is a boot-strap add-in application for Excel.  Movement between health 
states shown in Figure 22 was modelled on the basis of transition probabilities and the 
effectiveness values of the treatment options in the model. 
 
The core model was a semi-Markov simulation with annual cycles (Figure 22). Semi-Markov 
models, in particular, were chosen as it allowed for the addition of tunnel states to counter the 
‘memoryless’ nature of the Markov model and also allowed for recurrent disease to be modelled. 
The study population started the model HIV and HPV disease free and each year were exposed to 
the risk of acquiring each disease. The two diseases were not able to be acquired in a single year. 
The rate of acquisition of the second disease was adjusted for depending on the primary infection 
acquired. The model was constructed using socio-demographic data of the proportion of the 
population that accesses public health care in South Africa (707). The model accounted for the 
interaction of one disease in the presence of another (i.e. HIV risk was increased in the presence 
of HPV disease vice versa).  The dual vaccination programme was offered to nine year old school-
going girls on a voluntary basis. Several health states were used to construct the model. A 
proportion of these healthy individuals would be vaccinated against HIV and HPV disease, and 
the rest would remain unvaccinated. Each year, these healthy individuals were exposed to the risk 
of acquiring each disease.  
 
Healthy individuals could develop HPV disease starting from LSIL to HSIL which may then 
progress to cervical cancer. At each HPV-related health state, an individual may die (not 
represented graphically) or become HIV-infected (in which case they would progress on the lower 
HIV-positive spectrum). HIV-positive, HPV-infected individuals that were treated for HPV 
disease could potentially develop recurrent HPV disease. The model allowed for females with 
HPV disease both treated and untreated to acquire HIV disease. There was a higher probability of 
transition to more serious HPV states among the HIV-positive vs. the HIV-negative individuals. 
All individuals who were HIV-positive could enter the HIV treatment pool. Every health state, 
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including the healthy individuals without HIV or HPV disease, could progress to death at rates 
dependent on their current health state but also with background mortality independent of their 
current health state. These mortality transitions were excluded from Figure 22 as they rendered the 
model excessively ‘bushy’ and concealed the key message the diagram was intended to convey. 
The arrows represented the transition probabilities from one state to another. Costs and utility 
measures were then added to each health state and the model was able to predict costs and QALYs 
over the 70 year period for the intervention and the comparator. Upon cessation of the HIV vaccine, 
event rates were still considered lower among those individuals who received the HPV vaccination 
compared with those who did not. The protection conferred by the HPV vaccine was considered 
lifelong (662).   
 
One-way sensitivity analyses was used to assess the influence of single assumptions on cost and 
health outcomes. Model uncertainty was explored using PSA with a bootstrapping technique. In 
addition, the PSA examine the robustness of the results. Cost-effectiveness scatter plots and 
CEACs were used to graphically display the findings. The PSA data was also used to determine if 
the intervention fell below the WTP threshold. South Africa has not adopted a formal WTP 
threshold and the GDP per capita (2012) was used as a proxy measure for this purpose as per the 
recommendation of the WHO (537, 680). The South African WTP threshold thus equated to US$ 
7 508 (ZAR 61 641) per QALY gained.  
 
The model was constructed under various assumptions. All participants were considered sexually 
naïve at the start of the model. The model assumed that all nine year old children that were eligible 
for schooling were indeed attending school, and that consent was obtained from parents and was 
reflected in the coverage rates. The efficacy of dual vaccination strategies was considered as 
multiplicative (625) as there is rarely evidence available from clinical trials reporting the efficacy 
of two prevention interventions that were simultaneously introduced. Individuals were exposed to 
the risk of both diseases during each cycle but could only acquire a single condition per year. Once 
disease 1 was acquired, the rate of acquisition of disease 2 changed accordingly. The model 
assumed global uptake and provision of HCT in the school environment as stipulated by the 
national policy (295). Despite the generally poor uptake of cervical screening services  (92), it was 
assumed that those diagnosed with LSIL would return for repeat assessments given the 
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convenience of attending a school health service. The modelling exercise assumed the national 
roll-out of the dual vaccination strategy under the auspices of an established school-based 
programme providing comprehensive health care to quintiles of learners. Favourable uptake of 
school-based health care services was assumed by the model, given that the health care provision 
occurred in the familiar and non-prejudicial school setting without impacting on school attendance. 
There have been no formal pilot studies of school-based health care provision in South Africa and 
as such, the validation of this assumption is speculative.  
 
 
Figure 22. Semi-Markov model for HPV- and HIV-related disease states 
Healthy individuals (vaccinated and unvaccinated) may remain uninfected or transition into HPV or HIV 
disease. Those acquiring HPV disease are at risk of HIV infection (if unvaccinated against HIV). Each state 
may progress to death during any cycle, the rate of which depends on the state from which the individual 
progresses.  LSIL – low-grade intraepithelial neoplasia, HSIL – high-grade intraepithelial neoplasia 
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2.5 ETHICAL CONSIDERATION 
 
Ethical approval for the study was obtained from the Human Research Ethics Committee (Medical) 
of the University of the Witwatersrand. 
 
3. RESULTS 
 
The results are described below in terms of: (1) the cost and cost-effectiveness of the models; (2) 
one-way sensitivity analysis; (3) probabilistic sensitivity analysis and, finally, (4) disease risk 
reduction.  
 
3.1 COST AND COST-EFFECTIVENESS 
 
The total costs and QALYs gained in the lifetime of the hypothetical cohort for the three vaccine 
interventions are shown in Table 37. Compared with the existing programme (which has no 
vaccination), the introduction of the HIV vaccination among female learners resulted in the 
additional net cost of US$ 436. This translated to four QALYs gained and a cost-effective ICER 
of US$ 95 per QALY gained (95% CI: US$ 88 – 102). Our analysis of the implementation of the 
HPV vaccination concurred with the global literature that found the HPV vaccine to be highly 
cost-effective. The intervention yielded a 44% increase in QALYs gained to 33 (95% CI: 33-34) 
compared to the existing HPV disease standard of care. The HPV vaccine programme cost 8% less 
than the existing cervical screening programme. This is not surprising considering the substantial 
financial implications of treating HPV-related cervical cancer or the associated pre-cancerous 
lesions. The negative ICER associated with the HPV programme implies an improvement in life-
years as well as a reduction in costs. Dual HIV and HPV vaccine implementation represents an 
18% net increase in QALYs gained over the HPV programme alone.  With a negative ICER, the 
dual intervention also represents significant improvement in life-years associated with reductions 
in cost.   
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Table 37. Cost-effectiveness analysis of three vaccine interventions 
The vaccine programmes were compared with the standard of care (2012) which had no vaccination.  All 
costs are reflected in US$.   
 Vaccination programme  Existing standard of care  ICER 
 Cost QALY  Cost QALY  per QALY gained 
HIV 2509 12.09  2097 7.76  95.22 
 (2367 – 2642) (11.95 – 12.24)  (1955 – 2235) (7.61 – 7.91)  (88.19 – 102.38) 
HPV 1792 33.35  1937 23.19  Dominant 
 (1664 – 1915) (33.03 – 33.67)  (1794 – 2074) (22.72 – 23.67)   
DUAL 4295 35.87  7507 23.93  Dominant 
 (4215 – 4497) (35.54 – 36.18)  (7088 – 7966) (23.47 – 24.36)   
Discount rate 3%. (95% uncertainty intervals) 
 
The HPV vaccine is considered cost-saving when it is implemented alone and in combination with 
the HIV vaccine. It becomes pertinent to understand the cost-drivers behind the HIV vaccine 
strategy. Table 38 is a breakdown of costs per capita associated with HIV vaccine and the current 
standard of care (no vaccination). The actual vaccine (listed under pharmaceuticals) is accountable 
for the considerable outlay in costs (an increase of 29%), and questions of individual vaccine cost 
or the need for several booster injections will need to be determined.  
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Table 38. Comparison of costs and components of the HIV vaccination programme  
Detailed costs of the intervention compared to the standard of care. The intervention includes the vaccine 
intervention and the comparator costs. Costs are shown in US$. 
Cost category 
Per capita expenditure 
Intervention Standard Difference  (% change) 
Laboratory 12.73 13.09 0.35 (-2.78) 
HIV rapid testing  1.06 1.41   
CD4 count 4.05 4.05   
Pap smear 1.13 1.13   
Viral load 5.95 5.95   
Creatinine 0.53 0.53   
Pharmaceuticals 39.86 30.21 9.64 (+31.92) 
STI treatment 1.11 0.92   
Condom distribution 1.35 1.12   
Contraception 0.77 0.63   
Anti-retroviral therapy 27.34 27.34   
Vaccine 8.94 0.00   
Vaccine delivery* 0.15 0.00   
Bactrim® prophylaxis 0.20 0.20   
Human resources 35.94 36.67 0.63 (-1.76) 
PHC nurse 20.70 22.24   
Counsellor 11.03 11.81   
Enrolled nursing assistant 1.68 0.00   
Medical officer 0.46 0.46   
Medical specialist  2.07 2.07   
Transport † 0.47 0.00 - - 
Total 89.00 79.87   
*Vaccine delivery includes the needle, syringe and alcohol swab for administration 
†Calculated from average car rental cost incurred in providing a school-based service 
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3.2 UNCERTAINTY ANALYSIS 
 
3.2.1 One-way sensitivity analysis 
Model outputs were scrutinized using differing assumptions of parameters (Table 39). The 
duration of protection offered by the HIV vaccine influences its cost-effectiveness. Vaccines of 
longer protective duration are associated with improved ICER values. Reduced HIV vaccine 
pricing showed a significant improvement in ICER values with a 12% reduction when the vaccine 
price was halved and a 20% reduction at low vaccine prices compared to the baseline cost of 
US$12 per dose. A discount rate of zero percent was applied and resulted in a 15% reduction in 
the ICER value associated with the HIV vaccine programme. This was attributed to the differential 
timing of health gain (in future) and costs (upfront). Conversely, the doubling of the discount rate 
(six percent) increased the ICER values for the HIV vaccine programme by seven percent. When 
a lower coverage rate (40%) was examined for both vaccines, the ICER value for HIV vaccine 
implementation was driven up by 36%. Finally the implementation of a partially efficacious HIV 
vaccine (31% as described by Rerks-Ngarm (339)) was modelled resulting in a seven percent 
increase in ICER value (“Present” efficacy). Through each of these scenarios, the ICER values for 
the HPV and dual vaccine programmes were altered but remained cost-saving.  
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Table 39. Scenario analyses compared with base findings 
One-way sensitivity analysis was done to systematically examine the impact of selected variables 
in the analysis by varying it across a plausible range of values with other variables remaining at 
their baseline level.    
  HIV HPV DUAL 
HIV vaccine – 3 years duration  Net cost 259.50 n/a Dominant 
 QALYs gained 1.58 - 10.71 
 ICER 163.73 - Dominant 
HIV vaccine – 5 years duration  Net cost 305.02 n/a Dominant 
 QALYs gained 2.47 - 11.09 
 ICER 123.31 - Dominant 
HIV vaccine price halved Net cost 369.56 n/a Dominant 
 QALYs gained 4.33 - 11.93 
 ICER 85.31 - Dominant 
Very low HIV vaccine price Net cost 342.73 n/a Dominant 
 QALYs gained 4.33 - 11.93 
 ICER 79.12 - Dominant 
Discount rate 0% Net cost 340.16 Dominant Dominant 
 QALYs gained 4.10 10.14 11.91 
 ICER 83.04 Dominant Dominant 
Discount rate 6% Net cost 454.06 Dominant Dominant 
 QALYs gained 4.47 10.17 11.94 
 ICER 101.65 Dominant Dominant 
Dual coverage 40% Net cost 375.24 Dominant Dominant 
 QALYs gained 2.89 6.78 7.96 
 ICER 129.93 Dominant Dominant 
“Present” efficacy Net cost 447.37 Dominant Dominant 
 QALYs gained 4.41 10.16 11.30 
 ICER 101.48 Dominant Dominant 
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3.2.2 Probabilistic sensitivity analysis 
The cost-effectiveness plane showing the plots of all 1000 simulations for each intervention is 
depicted in Figure 23. The plane shows considerable overlap in the three clouds of net costs by 
QALYs gained. It is clear though that a considerable proportion of the 1000 simulations per 
intervention results in a negative ICER indicating net cost-savings. The implementation of the 
HPV vaccine alone resulted in a net cost-saving of eight percent and when administered in 
combination with the HIV vaccine, resulted in 43% reduction in health care costs.  The impact on 
costs is most pronounced in the dual vaccine intervention.  
 
 
 
Figure 23. Cost-effectiveness plane for the three vaccine interventions compared to no 
vaccination 
All three interventions are simultaneously plotted to reflect their relative cost-effectiveness. The y-axis 
shows the QALYS gained by each intervention and compares it to the net cost of each intervention (y-axis). 
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CEACs (Figure 24) were then applied to determine the optimal intervention in cost-effectiveness 
terms. The curve is constructed by calculating the probability that any of the interventions 
(compared with current standard of care) represents the optimal choice across the 1000 
simulations, for selected WTP governmental thresholds (x axis: US$100 increments of cost per 1 
QALY gained). The curves indicate all interventions to be cost-effective, and support the 
implementation of either vaccine programme. The HPV vaccine and the dual intervention seem to 
be cost-effective at low government spends per QALY gained, implying improved health 
outcomes with either of these interventions. 
 
 
 
 
Figure 24. Cost-effectiveness acceptability curves for the three vaccine interventions 
The x-axis describes the amount (US$) that a provider is willing to pay for an increase in unit of health gain 
(QALY). This is compared to the probability that the intervention would be cost-effective (shown on the y-
axis).  
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3.3 DISEASE RISK REDUCTION  
 
The ten-year ARR of HIV disease and HPV-related cervical cancer offered by the interventions 
were projected in Table 40. Individual disease incidence and dual mortality were the outcomes 
analysed. The introduction of the HIV or HPV vaccine programme showed improved outcomes 
related to their disease burdens. However, due to the mutual synergism of these diseases, the 
mortality and incident outcomes showed evidently greater risk reductions in the dual vaccine 
intervention.  
 
Table 40. Reduction in disease risk and associated cost consequences 
The table shows the ARR percentage calculated over a 10 year period. The effects of the dual intervention 
have marked health impacts over the vaccine implemented individually.  
 10 year risk: Mean % (SE) Absolute risk  
 Intervention Comparator reduction 
HIV      
Incidence 4.24 (1.25) 5.44 (1.38) 1.20% 
Dual mortality 1.26 (0.07) 1.30 (0.10) 0.04% 
HPV      
Incidence 0.26 (0.18) 0.40 (0.26) 0.14% 
Dual mortality 1.28 (0.08) 1.30 (0.10) 0.02% 
DUAL      
HIV incidence 0.20 (0.49) 5.44 (1.38) 5.24% 
HPV incidence 0.00 (0.00) 0.40 (0.26) 0.39% 
Dual mortality 0.09 (0.25) 1.30 (0.10) 1.21% 
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4. DISCUSSION 
 
The study demonstrates the potential utility of developing a school-based approach to HIV and 
HPV vaccine delivery within the South African public health care sector. Adoption of this 
vaccination model could contribute significantly to improving the life expectancy among a highly 
vulnerable population (adolescent females) and strategically impact on several health burdens of 
the national government in a cost effective manner.  
 
South Africa accounts for a significant proportion of the global burden of HIV disease and HPV 
cancer-related diseases with adolescents, particularly young girls, inadvertently responsible for the 
propagation of the epidemic (285). Driven by the magnitude of the problem, the national health 
department has weighed in with significant contributions of time and resource investment to 
enhance treatment services, but not prevention ones. While the issue of the HIV vaccine remains 
explorative and hypothetical, the response to the HPV-related diseases has been staggered and 
haphazard. The national cervical screening programme currently promulgated preceded the HIV 
epidemic and makes no amendment for screening practices based on the impact of HIV on HPV-
related cervical disease (246). The national HIV guideline stipulates annual cervical screening for 
HIV-positive females, essentially undermining the national cervical screening guideline (247). The 
private health care sector adopts its own approach, separate from these. Couple these inefficiencies 
to the inadequate infrastructure for screening, abysmal uptake of cervical screening services since 
the introduction of the programme in 2001, and a neglected uptake of treatment among those with 
pathological screening findings and the management of cervical diseases is rendered dire (708).   
 
It is under these circumstances that a school-based programme becomes highly plausible and 
relevant for several reasons. Adolescents are a key risk group for HIV and HPV preventive 
strategies. As a key population, school-going adolescents are more easily accessed than other 
commonly identified groups at high risk of HIV including commercial sex workers (who are more 
difficult to access as a result of stigmatisation) (701). The barriers encountered by adolescents in 
attempting to access health care services is well documented ranging from confidentiality breaches 
to the judgmental attitudes of health care staff, making it unsurprising that many opt not to come 
back for continuation of care (95). The setting of the school may potentially negate this negativity 
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by providing a “safe space” that offers peer discussion and accessible and pertinent health care 
services. Neglecting the health care needs of adolescents and ignoring the barriers to care they face 
in accessing care will serve to challenge any success enjoyed by HIV prevention initiatives to date 
(172). 
 
However, to view the HIV and HPV cancer-related disease burden in isolation is blinkered. While 
the findings of this study point inextricably to the cost-effectiveness of the vaccine scenarios, it 
does not address matters of cost. South Africa has to contend with several burgeoning epidemics 
in health care over and above HIV and HPV cancer-related disease including maternal and child 
health and NCDs - all competing for the same dwindling financial resources (5). A comprehensive 
body of work exists supporting the implementation of the HPV vaccine among females only (709). 
Much of this work concentrates on matters of cost-effectiveness where the female burden of HPV-
related disease considerably outweighs that of the males. When health spending has to be focused 
on imminent health needs, it makes sense that the female school-going adolescents are targeted for 
HPV vaccination. This is contrary to HIV disease, where the spread amongst the genders are far 
more “democratic” and the opportunity costs of not treating males are far too great.  
 
All three vaccine initiatives examined in this study were deemed cost-effective using the South 
African GDP per capita as an indication of society’s WTP threshold. Further scrutiny of the results 
indicates that dual vaccine implementation would have the most substantive impact on HIV and 
HPV incidence respectively and on mortality associated with these diseases over a ten year period. 
The reason for this is anything but implicit – compared with HIV-negative women, HIV-positive  
women are reported to have higher HPV prevalence and incidence, higher HPV viral loads, more 
persistent disease and a greater prevalence of oncogenic subtypes (710-713). As such, targeting 
both diseases would prove synergistic. However, preventive interventions are often associated with 
uncertainty in projecting health gains, particularly those associated with an infectious disease 
(714). This modelling exercise suggests uncertainty around HIV vaccine pricing - an important 
consideration in light of the success achieved in procuring HPV vaccines at lower pricing by the 
South African government for the public sector (676). This would effectively decrease the ICER 
values. Further cost reductions may be imminent in HPV vaccine strategies as data emerges of the 
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two dose regimen having equivalent efficacy to the three dose schedule (715) – a factor that could 
easily translate to considerable reduction in HPV vaccine delivery costs.  
 
When Rerks-Ngarm documented the first HIV vaccine regimen to demonstrate any efficacy in 
human subjects, it spurred a series of discussions on the impact and role of a partially efficacious 
HIV vaccine. Data from the USA emphasizes that even a partially effective vaccine could provide 
temporal reductions in HIV incidence at the population level (690). So while the findings of this 
study suggest that a partially effective vaccine is cost-effective and warrants merit (Table 38: 
“Present” efficacy), it should be borne in mind that Andersson et al. modelled the vaccine used in 
the RV144/Thai trial in the context of South African and demonstrated similar health benefits but 
warned that  a vaccine of limited efficacy had the potential to translate to millions of doses required 
at exceedingly high coverage levels (701). Data from this study also places much emphasis on the 
duration of protection afforded and the impact this has on cost-effectiveness. The real question 
remains however: can we honestly afford not to? 
 
The social paradigm of these diseases further strengthens the case for vaccine implementation Poor 
health outcomes of HIV and HPV disease have long been linked with lower socio-economic 
circumstances (14).  Given the exceptional vulnerability of women (particularly young women) to 
these diseases,  coupled with the vast majority of the disenfranchised South Africans having erratic 
and ineffective access to health care, it is not inconceivable to view vaccine implementation as an 
equitable and necessary societal intervention.  
 
This work highlights several pivotal areas of research that remain questioned. From a public health 
perspective, there is an urgent need to consolidate the national cervical screening practices in South 
Africa. Holding all health care providers to a defined, evidence-based standard of practice will 
allow for greater accountability and evaluation of practice. The impact of HPV vaccination of boys 
needs to be contextualized in the South African epidemic, as they serve as an important reservoir 
of disease. Finally, with the success achieved in negotiating reduced HPV vaccine prices with the 
manufacturers, it becomes imperative to consider the impact of the quadrivalent and nonavalent 
HPV vaccine implementation.  
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There are several limitations that apply to the study which are governed by data availability and 
the assumptions made. Firstly, vaccine implementation would result in significant societal benefits 
not captured by this model, thereby underestimating the full benefit of the intervention. Collection 
of societal data is labour intensive and difficult to acquire and thus not considered. Secondly, the 
intervention was limited to females based on comparative disease burdens. Males represent a 
significant reservoir of disease and could play a key role in the development of herd immunity 
(716). Thirdly, it would be difficult to quantify and therefore assess the impact of risk 
compensation – where adolescents engage in increased sexual risk-taking activities based on the 
perceived protection of the vaccine. Fourthly, the vaccine was assumed to be administered to 
sexually naïve adolescent females (prior to sexual debut), bearing in mind the relevance of early 
sexual debut among South African adolescents (99) and the high incidence of sexual abuse of 
children in South Africa (254). The fifth concern was that cost measurement relied largely on the 
UPFS and NHLS pricelists. There are obvious limitations in applying such generic measures of 
costs but limited available South African costing data provided little alternative. Lastly, the 
characteristics applied to the HIV vaccine are hypothetical, as there is no commercially available 
vaccine. These assumptions, and the uncertainty around them, were applied to determine plausible 
entry points of the vaccine into the health sector when they become viable.  
 
5. CONCLUSION 
 
The findings of this study support the implementation of the HPV or dual HIV and HPV vaccine 
programmes administered to school-going females as a cost-effective and imperative primary 
prevention strategy targeting the considerable burden of HIV and HPV cervical cancer-related 
diseases in South Africa. The social paradigm of these diseases further strengthens the case for 
vaccine implementation as an equitable societal intervention.  
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CHAPTER 8 
 
RESULTS: THE PRICE OF PREVENTION - COST-EFFECTIVENESS OF 
BIOMEDICAL HIV PREVENTION STRATEGIES IN SOUTH AFRICA 
 
 
1. INTRODUCTION  
 
Despite several campaigns by national government to control the HIV disease burden, South 
Africa remains the focus of the HIV pandemic accounting for 18% of the global prevalence of 
disease (300). The national HCT campaign launched in 2010 saw a 15% increase in numbers of 
people having HIV tests between 2008-2012 (97). This is a noteworthy achievement considering 
that data from modelling studies estimate that the universal implementation of HCT among South 
Africans from the age of 15 years could result in a 1% HIV prevalence reduction over a 50 year 
period (296). Additionally, by 2010, 98% of public health facilities were offering PMTCT which 
translated to a reduced annual infections rate of two percent in 2013/2014 (297). Other 
interventions included the national distribution of 506 million condoms in 2013/2014 alone, 
representing the most established condom distribution programme globally (297). HIV and AIDS 
education has become a core component of primary and high school curriculums through a Life 
Skills Education Programme. The dynamic programme was developed to support those children 
already living with HIV in addition to preventing new infections through education. Lastly, South 
Africa is home to the most expansive ART treatment programme in the world, a programme that 
accounted for  a third of new ART drug recipients globally between 2010 and 2013 (300). Contrary 
to these efforts, 58% of South Africans are unable to access the life-saving ART treatment, despite 
demonstrated eligibility (300). Thus the massive initiatives made by government to ease the HIV 
disease burden have been consistently undermined by high HIV incidence rates over the years 
(South Africa accounted for 16% of the global incidence of HIV in 2013) (300). 
 
The major advances achieved in biomedical interventions in the last decade have urged clinicians 
and decision-makers to strongly rethink their choice of HIV prevention packages. Observations 
arising from clinical trials investigating VMMC (717) and oral PrEP (263-265, 267) have 
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demonstrated some degree of success in decreasing sexual transmission of HIV. The general 
consensus remains that a ‘multi-faceted combination prevention’ approach is probably the best 
option and is critical to curbing the progression of the epidemic (108, 718, 719). Clinical trials 
investigating combination interventions are rarely documented given the financial, ethical and 
feasibility complexities that surround them; yet they are crucial to defining an optimal portfolio of 
prevention. In the context of this study, we have considered the cost-effectiveness of the 
implementation of PrEP, HIV and HPV vaccinations and VMMC programmes against the scaling-
up of the coverage of ART.  
 
The legitimacy of PrEP as a HIV prevention intervention was endorsed by the encouraging 
findings of several HIV PrEP trials and cemented by the observed 96% reduction in HIV 
transmission rates associated with early ART use in serodiscordant couples (HPTN 052) – data 
that has stimulated critical policy discussions regarding the use of ART in HIV prevention (325, 
720). The first significant findings were reported among men and transgender women who had sex 
with men in the iPrEX trial, which effectively yielded a 44% reduction in HIV acquisition with a 
daily dose of TDF/FTC (319). Following which, two large trials found PrEP to be equally effective 
(between 63-73%) in reducing heterosexual HIV transmission in the Partners PrEP conducted in 
Kenya and Uganda (TDF or TDF/FTC daily) and TDF2 (TDF/FTC daily) studies conducted in 
Botswana (320, 322). Similar results were not reproducible in the South African setting as FEM-
PrEP (recruiting heterosexual women in South Africa, Tanzania, and Kenya for daily TDF/FTC) 
and the oral arm of the VOICE trial (recruiting women in South Africa, Uganda, and Zimbabwe) 
were prematurely closed for futility (315).  The VOICE trial stopped its gel arm when it became 
evident that the daily use of the gel was safe but ineffective (316). The CAPRISA 004 trial (a proof 
of concept study supporting pericoital vaginal microbicide application) did enjoy a measure of 
success when the use of a one percent TDF vaginal gel decreased HIV-1 incidence by 39%, but 
this success was short lived (313). The FACTS 001 study, a study conceptualised to generate 
supporting data for microbicide licensure in South Africa, was found to be ineffective alluding 
again to the poor adherence patterns derived and questioning the future use of this prevention 
modality (314, 316). Despite these reservations regarding adherence, oral PrEP is being introduced 
in many developing countries including South Africa and due consideration must be given to how 
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this intervention will feature financially, programmatically and politically in the South African 
prevention efforts (332, 721, 722). 
 
VMMC represents another promising HIV prevention initiative in South Africa. Data garnered 
from observational studies (723-725) and three RCTs conducted in Kenya, South Africa and 
Uganda (63-65) prove conclusively that circumcised men are afforded a significantly lower risk 
of acquiring HIV infection. The strong epidemiological evidence base for VMMC has been 
strengthened by the plausible biological basis for the protective effects of VMMC (726) and the 
cost-effectiveness, or even cost-saving, of the intervention has been reinforced by several studies 
(717, 727-729). In addition to the public health benefits of the HIV prevention strategy that 
reported high efficacy (approximating 60%), VMMC is a once-off medical procedure with partial 
but potentially durable effects (569). The coverage rates for VMMC still remain surprisingly low, 
with 3% coverage reported in a sample of 14 SSA countries (730). Heeding the global call to 
improve coverage, South Africa had conducted just over three million VMMCs by 2012 (97). It 
should be remembered that countries continuing to report low circumcision rates have extensive 
scope to draw the benefits of the intervention going forward (731). 
 
Vaccines are considered one of the most cost-effective intervention in public health. Despite 
several early  HIV vaccine failures (337, 342), Rerks-Ngarm (2009) demonstrated the first HIV 
vaccine (RV144/ Thai trial) to demonstrate any efficacy in human subjects (339). The HIV vaccine 
regimen was then optimized by undergoing modification to make it Clade C specific, followed by 
changing the adjuvant and the protein, and then entered into Phase I clinical trials to assess safety 
and immunogenicity at six major South African clinical research sites as part of the HVTN 100 
study (345). The cost information garnered from the evaluation exercise regarding the 
implementation of the vaccine into the EPI would represent a key advocacy tool for decision-
makers should this vaccine become commercially available (669, 670). For the purposes of this 
study, we are considering the dual implementation of the HIV vaccine and the HPV vaccine. The 
biological relationship between HIV and HPV has long been established. The acquisition of HIV 
is enhanced in the presence of cervico-vaginal HPV disease (654, 655) and the detection of HPV 
is known to increase drastically post HIV seroconversion (653). The clinical manifestation of the 
HIV-HPV relationship is rapidly progressive disease (651), associated with significant mortality 
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and morbidity that remains a major concern to the national health department. Given the intimate 
relationship the pathologies share, it is not inconceivable that the HPV vaccination could 
potentially play a role in reducing HIV transmission on the biological basis that HPV infection 
increases the acquisition of HIV infection (463). South Africa has the highest cervical cancer 
incidence and mortality globally (92), and the HPV vaccine has  already been rolled out to a 
proportion of school-going female learners (732).  
 
The implementation of the most efficient portfolio of HIV prevention strategies requires 
considered evaluation of the comparative costs and benefits of the alternate strategies. The 
economic evaluation of these interventions individually and in combination with others can 
provide insight into our understanding of their potential synergistic effects (733), without the 
financial challenges  of multi-intervention clinical trials. Additionally, CEA can guide decision-
makers in the efficient allocation of limited health budgets. Few studies in the past have considered 
evaluating multiple interventions (625) due to ethical, financial and feasibility constraints; and 
have chosen rather to concentrate on individual interventions. There has been no previous 
evaluation of the HIV vaccine in this context.  The aim of this study was to conduct an economic 
evaluation on individual and combination HIV preventive strategies and compare their impact 
against both the current roll-out of ART and a potential scaling-up of the ART programme.  
 
2. METHODS 
 
The methods used in this study complied with the reporting guidelines of the CHEERS statement 
(618).   
 
2.1 STUDY OVERVIEW 
 
The evaluation included South African school-going adolescents in 2012. The programme  was 
suggested for school-based implementation in accordance with the national health initiative to 
support school-based SRH services (154). The intention was to target learners prior to their sexual 
debut, thus preventing HIV exposure and potential acquisition. A lifetime horizon of 70 years was 
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modelled as it was considered congruent with current South African life expectancy. The provider 
perspective was adopted. The data generated from this evaluation would be used to explore health 
service delivery and decision-making; and review the financial consequences of introducing these 
health interventions in the public sector. The interventions were considered prevention strategies 
that could reduce the HIV-associated burden of disease and mortality. The vaccine intervention 
was modelled and compared to the standard of HIV care and treatment in South Africa comprising 
HCT, ART, STI treatment and condom distribution (247). The current coverage achieved by the 
national ART programme was estimated at 29% (300). Economic costs and health outcomes were 
discounted at a rate of three percent, and adopted an uncertainty range of zero to six percent, as 
recommended by the WHO-CHOICE guidelines (537). 
 
2.2 OUTCOME MEASURES 
 
The validation of the EuroQol EQ-5D health outcome measurement tool for measuring HRQOL 
of HIV/AIDS in Africa, has essentially validated the use of the QALY in the South African health 
context (555). The QALY combines survival and HRQOL into a single health summary measure 
informing decision-making regarding the relative value for money of health care interventions 
(624). The estimation of the QALY is derived from calculating the total LYG from an intervention, 
then multiplying each year  by a quality of life score, where 0 = worst health and 1 = best health, 
thus reflecting the quality of life achieved in that year (130). The ICER of the interventions 
compared to the standard of care was measure using Equation 25: 
 
ICER =  
𝐶2− 𝐶1
𝐸2− 𝐸1
=  
∆𝐶
∆𝐸
                                               (Eq. 27) 
 
Where C1 and E1 = costs and effects of the comparator, and C2 and E2 = costs and effects of the 
intervention.  
 
HIV/AIDS pooled utilities derived from a meta-analysis and applied to the cost-utility analyses of 
HIV-related interventions (633). The utility weights for HIV disease appears in Table 41.    
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Table 41. HIV-related utility weights 
The table describes the health-related quality of life weights for the different HIV-related health states 
where full health carries a weight of one (1).   
Parameters Estimate Source 
Full health 1  
HIV disease   
Asymptomatic 0.94 (633) 
Symptomatic 0.82 (633) 
AIDS 0.70 (633) 
 
2.3 STUDY INPUTS 
 
Input parameters concerning both HPV and HIV disease were assessed in the model to demonstrate 
the impact of the dual vaccine strategy (Table 42). Only HIV-related costs were included in the 
model. The model was constructed and parameterized using transition probabilities drawn from 
South African published literature. Costs were inflation adjusted to the year 2012 using the CPI. 
The average exchange rate for the South African Rand (ZAR) to the United States dollar (US$) 
was applied. Costs were converted into the equivalent value for the 2012 US$ where (US$ 1 = 
ZAR 8.21) allowing for international comparison (591).  
 
The standard HIV treatment was assumed to be delivered by PHC nurses who consulted patients. 
Complicated cases would be referred to doctors or medical specialists depending on the nature of 
the condition. Pharmaceutical costs included ART, treatment of STIs and condom delivery. 
Additionally, the intervention cost comprised the intervention cost (vaccine, vaccine delivery and 
related costs) in addition to the comparator cost as both services would run concurrently in the 
intervention group.  Laboratory test prices were obtained from the NHLS and medication, 
consumables, additional pharmaceuticals and valuations of medical personnel costs were derived 
from the UPFS sourced from the National Department of Health. These parameters are detailed in 
Table 43. Implementing the interventions accrued the annual estimated costs comprising included 
human resources (e.g. consultation with a PHC nurse and counsellor); pharmaceuticals (e.g. drugs, 
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STI treatment and condoms) and laboratory costs (e.g. regular HIV testing, creatinine monitoring 
and pregnancy testing) – as directed by the pertinent guidelines.   
 
Table 42. Model parameters pertaining to the study population 
Disease transition from one health state to the next is shown in Table 42.  The estimates were drawn from 
the South African literature for 2012.  
Parameters  Base-case 
estimate 
Reference 
Vaccine characteristics   
Coverage 60% assumption 
HPV vaccine efficacy 70% (274) 
HIV vaccine efficacy 50% assumption 
Treatment uptake   
Cervical screening 13.6% (92) 
ARV therapy 29.0% (300) 
HPV treatment 35.3% (250) 
Transition probabilities (represented as percentages) 
HIV-negative   
Development of LSIL 3.00 (651) 
Progression of LSIL to HSIL 1.69 (651) 
Progression of HSIL to cancer 3.84 (250) 
HIV-positive    
HIV incidence in general population 2.28 (97) 
HIV incidence in HPV disease 5.39 (651) 
Development of LSIL 14.00 (51, 268) 
Progression of LSIL to HSIL 6.00 (51, 268) 
Progression of HSIL to cancer 8.10 (651) 
Mortality   
Mortality in general population 1.16 (637, 678) 
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Table 43. Unit cost of screening, diagnosis and treatment of HPV disease 
The estimates were drawn from the South African literature for 2012. All costs are reflected in US$.  
Economics Value Range Reference 
Cost 3.0% (0 – 6%) (537) 
Outcome 3.0% (0 – 6%) (537) 
International comparison (ZAR: 1US$) ZAR 8.21 - (591) 
HIV disease related costs Distribution Value Reference 
HIV programme    
HIV vaccine - 12 assumption 
Vaccine delivery per dose a* Gamma 17 (638-642) 
Existing prevention program (incl. HR) Gamma 65 (639-643) 
HIV counselling and testing (HCT) (per test) Gamma 23 (639, 640) 
Cost of HIV rapid testing Gamma 2 (639, 640) 
ARV treatment Gamma 310 (640, 643, 644) 
Not on ARV Gamma 65 (643) 
Other HIV prevention interventions  Distribution Value Reference 
HPV vaccine - 17 (706) 
Vaccine delivery per dose Gamma 17 (638, 640) 
Annual PrEP cost Gamma 140 (734) 
Voluntary medical male circumcision Gamma 79 (735) 
a Initial course comprises 6 doses 
*Annexure A outlines the costing structures used 
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2.4 INTERVENTIONS CONSIDERED 
 
2.4.1 HIV vaccine 
As there is no commercially available HIV vaccine, the vaccine characteristics considered in this 
evaluation are hypothetical. The characteristics were based on the available literature and 
determined by the characteristics suggested by the P5 (a research collaboration dedicated to 
expanding research from emanating from the RV144/Thai trial) (372). The HVTN 100 vaccine 
regimen was applied in this evaluation adapting the ALVAC prime ALVAC/gp120 boost of the 
RV144/Thai trial but with an additional boost at month 12. The purpose of the boost was to counter 
the declining immune response described in the RV144/Thai trial a year following the vaccine 
administration. Should the vaccine induce adequate immunogenicity, it will be entered into 
landmark Phase IIb/III HIV vaccine efficacy studies (provisionally scheduled for South Africa in 
2016) called the HVTN 702 study.   
 
The HIV vaccine coverage estimated 60% receiving the initial course. This was a roughly 
approximated to the 68% coverage achieved for the 3rd dose of DTP (DTP3) (674). The DTP3 
coverage has been validated as a proxy for immunisation system strength and performance nearly 
globally in the recent decades (675). The coverage range was then explored in the sensitivity 
analysis. The HIV vaccine was estimated at a cost of US$ 12 per dose (base-case), vaccine efficacy 
was 50% (Range: 30-70%) and the vaccine duration of protection spanning ten years (achieved 
through the administration of annual boosters). The rationale for the booster was the declining 
immunity documented in the RV144/Thai trial 12 months after the vaccine was given for the first 
time.  The model countered the diminishing immunity by applying the conservative approach of 
annual boosters. While this may not represent a pragmatic solution, it merely translated to an 
overestimation of costs in the context of an economic evaluation. The HIV vaccine price of US$ 
12 roughly corresponded to the public sector pricing of the HPV vaccine pricing (US$ 17). Lower 
vaccines prices were considered appropriate considering the great strides made in the public sector 
in negotiating reduced pricing for ART and HPV vaccines (644, 676) and given the extensive 
disease burden in the country. The price assumption was additionally tested in the sensitivity 
analysis. The bivalent HPV vaccine was modelled as it is already being administered in lower 
socio-economic schools as part of the government initiative (650). The negotiated vaccine price 
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was US$ 17 per dose and efficacy was determined by the documented clinical trials of the vaccine 
(274). The HPV vaccine course was completed over two years and was administered 
concomitantly with the HIV vaccine to achieve vaccine coverage of 60%. The HPV vaccine was 
assumed to confer lifelong protection, as per the indications in the literature (662). Health service 
delivery occurred at schools in the model. Relevant HIV-related cost components were identified 
from the 2013 national treatment guideline that are adopted in the South African public health care 
sector (247).   
 
2.4.2 HPV vaccine 
The implementation of the HPV vaccine was considered in this study considering the synergistic 
relationship HPV disease shares with HIV disease (268). Reporting the global highest disease 
burden for both these diseases, it makes programmatic sense for South Africa to integrate their 
responses to these diseases. Progression to cervical cancer is drastically increased in the presence 
of HIV infection and the bivalent vaccine [Cervarix® (GlaxoSmithKline Biologicals, Rixensart, 
Belgium)] targets the VLP types 16/18, that have been implicated in the aetiology of 64% of 
cervical cancer in South Africa (92). The vaccine was considered at 60% coverage, but limited to 
the female population only.  
 
2.4.3 Voluntary medical male circumcision  
It has been definitively proven that VMMC can reduce female to male sexual transmission of HIV 
by 60% (Range: 28-66%) (64). These findings informed the WHO decision to launch the 
exceptional public health initiative in 2009 proposing 80% coverage of voluntary, safe, culturally 
appropriate and affordable VMMC by 2016 (63). South Africa conducted 150 000 VMMCs by 
April 2011, averting one infection for every five procedures done in an attempt to observe the call 
from the WHO (329). However, the services in South Africa have been limited as initially, the 
procedures could only be performed by doctors and the procedures were marred by inadequate 
health facilities and poor surgical care (330). The introduction of PrePex (an elastic ring device 
requiring no local anaesthetic that can be placed and removed by a mid-level health care worker) 
in South Africa since has proved promising and may hold the key to increasing the amount of 
VMMCs performed without impacting on the limited numbers of health care workers available. 
VMMC is considered a highly cost-effective intervention (735). Being a once-off procedure that 
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has potential lifelong benefit, VMMC holds the promise of being a significant player in the South 
African fight against HIV (735). The model assumed VMMC coverage of 60%, and this was 
evaluated in the sensitivity analysis. The model itself was adjusted for VMMC inclusion but 
running the model exclusively with the male epidemiological parameters. This model was then 
compared to the gender integrated model. The cost evaluation considered the PrePex system for 
VMMC, as this was a cheaper procedure that negated the need for the formerly used surgical 
procedures (735).  
 
2.4.4 Pre-exposure prophylaxis  
ART chemoprophylaxis has shown great promise in preventing HIV acquisition. In 2010, the 
landmark iPrEx study demonstrated an encouraging 44% reduction in HIV incidence among MSM 
using daily doses of TDF. Data from this work forms the basis for the MSM ART 
chemoprophylaxis standard of care in South Africa (318). The model employed in this evaluation 
study uses the algorithms of this guideline to determine the costs implicated in a national PrEP 
programme. (The new South African guideline was released after this manuscript was submitted 
for consideration (736)). HPTN 052, a pivotal study conducted in 2011, was associated with a 96% 
reduction in HIV transmission to the HIV-negative partner when ART was initiated early (in 
people with a CD4 T-cell count between 350-550 cells/mm3) in the HIV-positive partner of a 
serodiscordant couple (325). Oral PrEP (a combination of TDF/FTC) has been approved for use 
in South Africa since late 2015, though the indications for use and the extent of the roll-out have 
yet to be properly defined. The monthly cost of the drug used in this analysis was determined by 
the current tender price that the drug is available to the South African government (US$ 6 per 
month in 2012) (734). Oral PrEP, not vaginal microbicidal formulations, was considered in the 
analysis. The study assumed coverage of 60%, with effectiveness of 67% (Range: 44-81%) for 
high adherence and 21% (Range: -31-52%) for low adherence (319, 320, 322, 737).  Lower price 
estimates, coverage and effectiveness measures were assessed in the sensitivity analysis.  
 
2.4.5 Antiretroviral therapy 
The model considered the HIV prevention interventions discussed against the 2012 roll-out of 
ART (29% coverage) (300) and against a potential increase in the roll-out to cover the 58% 
treatment gap cited by UNAIDS (300). 
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2.5 ASSESSING COMBINATION INTERVENTIONS 
 
As mentioned the combined effectiveness of two interventions (such as VMMC and PrEP) has 
rarely been assessed in a clinical trial setting. In the absence of published data, mathematical 
modelling techniques were used to determine the combined effectiveness under different 
assumptions (625). The methodology for the calculation of the combined intervention 
effectiveness was adopted from a similar study conducted by Long and Stavert (625).  They 
suggested that the efficacy may be multiplicative (e.g. if VMMC is assumed to be 60% effective 
and PrEP 67% effective, then the combined effectiveness would be calculated as in Equation 26: 
 
Combined effectiveness = (1-[(1- 60%)*(1- 67%)] = 86.8%                                               (Eq. 27)  
 
2.6 MODEL-BASED ECONOMIC EVALUATION 
 
The data capture and analysis was performed in Microsoft Excel® (Version 2010) (Microsoft 
Corp., Redmond, WA). Ersatz version 1.2 (www.epigear.com) was used to perform the uncertainty 
analysis. Ersatz is a boot-strap add-in application for Microsoft Excel. Figure 25 shows the semi-
Markov model simulation with annual cycles that was developed. Semi-Markov models were 
considered in this evaluation as it allowed for the addition of tunnel states that counter the 
‘memoryless’ nature of the Markov model and permitted the modelling of recurrent disease 
episodes. The study population commenced the model disease free and each year was exposed to 
the risk of acquiring either HPV or HIV disease with the rate of disease acquisition adjusted for 
based on which primary infection was acquired. The model was built using socio-demographic 
data of the proportion of the population that accesses public health care in South Africa (707). The 
study aggregated simulated data of individuals representing a 69% coverage rate, the estimated 
access rate to PHC services (707). The dual vaccination programme was specifically offered to 
female learners on a voluntary basis. Among males, the impacts of HPV disease/HPV vaccination 
were omitted. A proportion of healthy individuals (coverage) would be vaccinated against HIV 
and HPV disease, while the rest remained unvaccinated. Annually, healthy individuals were 
exposed to the risk of acquiring each disease.  
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Figure 25. Semi-Markov model for HPV and HIV-related disease states 
Healthy individuals (vaccinated and unvaccinated) may remain uninfected or transition into HPV or HIV 
disease. Those acquiring HPV disease are at risk of being HIV infected (if unvaccinated against HIV). Each 
state may progress to death during any cycle, the rate of which was dependent of the state from which they 
progressed.  LSIL – low-grade intraepithelial neoplasia; HSIL – high-grade intraepithelial neoplasia 
 
Where the dual vaccination strategy was being considered, healthy individuals could acquire HPV 
disease from a LSIL to HSIL, which has the potential to progress to cervical cancer. At each 
proposed HPV-related health state, an individual may die (not represented graphically) or acquire 
HIV infection (which would see them progress on the lower ‘HIV-positive’ spectrum of disease). 
HIV-positive, HPV-infected individuals that were treated for HPV disease could potentially 
develop recurrent HPV disease. The model allowed for females with treated and untreated HPV 
disease to acquire HIV infection. There was a greater risk of transition to more serious HPV states 
among those HIV-positive vs. those HIV-negative. HIV-positive individuals could potentially 
enter the HIV treatment pool. Every health state, irrespective of disease status, could progress to 
death at a rate determined by their current health state with consideration to the background 
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mortality independent of their current health state. Mortality transitions were excluded from Figure 
25 as they rendered the model excessively ‘bushy’ and concealed the key message of the diagram. 
The arrows represented the transition probabilities from one state to another, with costs and utility 
measures then added to each health state to predict costs and QALYs over the 70 year duration of 
the intervention and the comparator. Following HIV vaccine cessation, the HIV event rates were 
adjudged to be lower among those who received the HPV vaccine than among those who had not 
(51, 268).  HPV vaccine protection was considered lifelong (662).   
 
One-way sensitivity analyses were run to evaluate the influence of single assumptions on cost and 
health outcomes. The model uncertainty and robustness of the results were evaluated using PSA 
with a bootstrapping technique. Cost-effectiveness scatter plots were used to display the findings 
graphically. Data from the PSA was used to determine the cost-effectiveness of the intervention.  
South Africa has not formally adopted a WTP threshold, and the GPD per capita (2012) was 
applied as a proxy measure as recommended by the WHO (537, 680). The WTP threshold was 
defined as US$ 7 508 (ZAR 61 641) per QALY gained. Given the lack of sensitivity of the GDP 
as a measure of cost-effectiveness, a benchmark intervention was additionally used as a threshold 
established by analysis of existing practice (585). In the case of South Africa, VMMC had been 
established as a cost effective intervention in several analyses (738, 739). To validate the finding 
of this analysis, the cost-effectiveness was assessed against both the GDP and the benchmark 
intervention.  
 
The study participants were considered sexually naïve at the start of the model. The model assumed 
that children eligible for schooling were attending school, and that the consent obtained from 
parents was reflected in the coverage rates. The efficacy of dual interventions was considered 
multiplicative (625) as there is rarely data obtained from clinical trials reporting the efficacy of 
two prevention interventions simultaneously introduced. The model conformed to the principle of 
global uptake and provision of HCT in schools as stipulated by the national policy (295). The 
exercise modelled the roll-out of HIV preventive interventions under the umbrella of the 
comprehensive school-based programme to be delivered to all learners, irrespective of socio-
economic status. Lastly, the model assumed relatively high uptake of the health services delivered 
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at schools, given that the care was provided in a safe and familiar setting, without impacting 
negatively on school attendance. There have been no formal studies to validate this assumption.  
  
2.7 ETHICAL CONSIDERATION 
 
Ethical approval for the study was obtained from the Human Research Ethics Committee (Medical) 
of the University of the Witwatersrand. The study did not involve any direct patient contact.  
Rather, the study drew transitional probability data (input parameters) from the relevant, published 
South African data. No individual data records were accessed, and the information used could not 
be linked back to any specific individual that would have been involved in these published data. 
As such, patient records were considered anonymized and de-identified prior to analysis.  
 
3. RESULTS  
 
3.1 SINGLE INTERVENTIONS 
 
The implementation of individual HIV prevention interventions was compared with the cost of 
ART in the public sector (Table 44). The coverage of ART in 2012 was considered at 29% and 
included HCT, condoms and STI treatment being offered at facilities (300). Scaling-up the 
coverage of the current ART programme to 58% to meet the demands of the existing deficit in 
South Africa would likely prevent new infections through possible herd immunity but was 
associated with a minimal decrease in mortality. However, this improvement in health outcomes 
comes at an appreciable cost with a marginal improvement in the QALYs gained as the 
intervention influences incidence indirectly. Similar results were obtained from the HPV vaccine 
which shares a synergistic relationship with HIV, and reduces HIV incidence indirectly (51, 268). 
The health effects of the HPV vaccine and HIV vaccine administered in combination to women is 
marked. There is a reduction in HIV incidence, HIV associated mortality documented and the 
intervention is significantly cost-effective at US$ 7.02 per QALY gained. Individually, the HIV 
vaccine and VMMC has similar health benefits to the dual vaccine initiative, but the VMMC 
project is more cost-effective given that it represents a once-off procedure with no further follow-
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up required, in the absence of complications.  PrEP is an expensive option, with an ICER of US$ 
257 per QALY gained.  By the standards of the WHO CHOICE, every intervention would be 
deemed cost-effective as the ICER values are below the GDP defined threshold of cost-
effectiveness (US$ 7 508). The ICER for VMMC could also serve as a proxy to benchmark 
intervention cost-effectiveness in South Africa, as it has been the validated through several 
independent research studies in South Africa as a cost-effective medical intervention (585). By 
virtue of this benchmark, only the dual vaccination strategy would then be deemed cost-effective.  
The dual vaccine strategy offered the largest gain in health benefits for US$ 7 per QALY gained.  
 
Table 44. Health outcomes and cost-effectiveness of individual HIV prevention 
interventions 
Single interventions are compared with the status quo (i.e. continuing to treat HIV infection with 
ART at 29% coverage (300)). 
 
 HIV infection (over 10 years) (%) Incremental 
 Incidence Infections averted Deaths QALYS COST CER 
Status quo 5.44 - 0.43 12.53 6 467.96 - 
Upscale ART - - 0.42 + 0.56 + 461.27 823.21 
HIV vaccine 4.28 21.24 0.34 + 4.80 + 445.41 92.77 
HPV vaccine 5.30 2.54 0.41 + 3.68 + 488.20 132.53 
Dual vaccine 3.95 29.00 0.30 + 14.30 + 100.42 7.02 
VMMC 3.97 27.39 0.32 + 12.52 + 379.50 30.32 
PrEP 3.79 30.24 0.31 + 13.04 + 2 247.83 172.41 
ART – antiretroviral therapy; HIV – human immunodeficiency virus; HPV – human papillomavirus; Dual vaccine – 
HIV and HPV vaccinations; VMMC – voluntary medical male circumcision; PrEP – pre-exposure prophylaxis 
(ART scale-up covers the ART deficit of 58%; HIV and HPV vaccine quoted at 50% and 70% vaccine efficacy 
respectively; VMMC efficacy is 60%, PrEP efficacy is 67% (Range = 21-67%); all coverage = 60%.) 
  
The graphical representation of these results displays the dual vaccine strategy to be the most 
economically efficient strategy (Figure 26). The price of the PrEP intervention is undetermined at 
this point, but the assumption made reflects a rather optimistic scenario: markedly reduced pricing 
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(US$ 220 per annum) with high adherence (67%) and high coverage (60%). Despite this, the 
implementation of PrEP remained one of the least cost-effective strategies, even at the current low 
tender price in South Africa.   
 
 
Figure 26. Cost-effectiveness analysis for the individual HIV prevention strategies 
Discounted incremental costs and QALYS over 10 years are displayed for the single interventions.  
ART – antiretroviral therapy; HIV – human immunodeficiency virus; HPV – human papillomavirus; Dual vaccine – 
HIV and HPV vaccinations; VMMC – voluntary medical male circumcision; PrEP – pre-exposure prophylaxis 
 
3.1.1 Sensitivity analysis of single interventions 
A one-way sensitivity analysis demonstrates the impact of varying a single parameter on the 
overall cost-effectiveness (682). Table 45 identified the markedly improved ICER outcomes 
associated with VMMC and the dual vaccine strategy compared with the implementation of the 
HIV vaccine alone or with an intervention that involved the use of PrEP. Unsurprisingly, decreased 
cost and increased intervention effectiveness and coverage rates were associated with improved 
ICER values across all interventions. The higher discount rate, at 6%, was also associated with an 
improve ICER value. This could be explained by the investment for the intervention being made 
now (present costs) with benefits only being realized at a later date (future implications).  
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Table 45. Scenario analyses compared with base findings 
One-way sensitivity analysis systematically examined the impact of selected variables in the analysis by 
varying it across a plausible range of values with other variables remaining at their baseline level.    
   HIV 
Vaccine 
Dual 
vaccine 
PrEP VMMC 
Discount rate 0% Net cost 4.81 14.28 13.06 12.54 
  QALYs gained 447.38 84.42 2 236.88 370.65 
  ICER 93.05 5.91 171.22 29.56 
 6% Net cost 4.80 14.31 13.03 12.51 
  QALYs gained 446.76 107.58 2 254.96 385.58 
  ICER 93.10 7.52 173.05 30.82 
Cost  High Net cost 4.80 14.30 13.04  
  QALYs gained 532.55 193.14 2 247.83 n/a 
  ICER 110.92 13.50 172.41  
 Low Net cost 4.80 14.30 13.04  
  QALYs gained 399.66 51.73 1 723.95 n/a 
  ICER 83.24 3.62 132.23  
 Very low Net cost 4.80 14.30 13.04  
  QALYs gained 373.12 23.48 1 400.79 n/a 
  ICER 77.71 1.64 107.44  
Effectiveness  High Net cost 4.69 15.03 13.04  
  QALYs gained 426.61 99.47 2 253.37 n/a 
  ICER 90.97 6.62 172.83  
 Low Net cost 4.92 13.61 10.19  
  QALYs gained 464.96 101.02 1 869.09 n/a 
  ICER 94.58 7.42 183.50  
Coverage High Net cost 5.60 16.68 15.21 14.60 
  QALYs gained 486.72 84.23 2 557.83 371.64 
  ICER 86.89 5.05 168.16 25.45 
 Low Net cost 2.40 7.15 6.52 6.26 
  QALYs gained 321.49 148.99 1 339.99 403.06 
  ICER 133.92 20.84 205.55 64.41 
HIV – human immunodeficiency virus, PrEP – pre-exposure prophylaxis, VMMC – voluntary medical male 
circumcision, Dual vaccine – HIV and HPV vaccinations  
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3.2 MULTIPLE INTERVENTIONS 
 
The evaluation of combined interventions is shown in Table 46. Simultaneously increasing the 
ART coverage and adding another recognized HIV prevention intervention results in a reduction 
in HIV incidence exceeding 50%. The synergism between the interventions in decreasing the HIV 
incidence rates was also noted. Interventions involving PrEP had significantly higher cost 
implications and thus higher ICER values. The implementation of VMMC in combination with 
the HIV vaccine proved more cost-effective than the implementation of VMMC with an increased 
ART coverage. The only combination of interventions that resulted in cost-saving employed the 
use of the dual HIV and HPV vaccination strategies in combination with the VMMC roll-out.  
 
The graphical representation of the combined interventions is displayed in Figure 27.   
Interventions involving PrEP are shown to involve a significantly higher incremental cost. 
Combinations involving VMMC and the HIV vaccine demonstrate a larger gain in QALYS and 
are associated with lower incremental cost increases. The introduction of the dual vaccine 
strategies in combination with VMMC proved to be the most economically efficient strategy, 
increasing QALYs gained while decreasing costs, relative to the standard of care. This strategy is 
the only cost-saving one.  
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Table 46. Health outcomes and cost-effectiveness of combination HIV prevention 
interventions 
Combined interventions are compared with the status quo (i.e. continuing to treat HIV infection with 
ART at 29% coverage (300)). 
 
 
 HIV infection  
(over 10 years) (%) 
Incremental 
 
 
 
Incidence 
Infections 
averted 
Deaths QALYS Cost CER 
 
Status quo 
 
5.44 - 0.43 12.53 6 467.96 - 
  
Scenario Combinations ART       
1.  VMMC Upscale 2.56 52.49 0.31 + 13.13 + 361.10 27.50 
2.  
VMMC + HIV 
vaccine 
Current 3.46 36.39 0.28 + 18.24 + 206.52 11.32 
3.  
VMMC + HIV 
vaccine 
Upscale 2.25 58.71 0.27 + 18.87 + 581.11 30.80 
4.  VMMC + PrEP Current 3.24 40.35 0.27 + 30.78 + 2 062.08 67.00 
5.  VMMC + PrEP Upscale 2.11 61.28 0.26 + 31.42 + 2 433.94 77.46 
6.  
HIV vaccine + 
PrEP 
Current 3.15 41.99 0.26 + 19.02 + 2 188.01 115.08 
7.  
HIV vaccine + 
PrEP 
Upscale 2.06 62.11 0.25 +19.65 + 2 563.53 130.42 
8.  Dual + VMMC Current 3.04 44.11 0.24 + 42.68 Dominant Dominant 
ART – antiretroviral therapy; HIV – human immunodeficiency virus; HPV – human papillomavirus; Dual vaccine – 
HIV and HPV vaccinations; VMMC – voluntary medical male circumcision; PrEP – pre-exposure prophylaxis 
(ART scale-up covers the ART deficit of 58%; HIV and HPV vaccine quoted at 50% and 70% vaccine efficacy 
respectively; VMMC efficacy is 60%, PrEP efficacy is 67% (Range = 21-67%); all coverage =60%.) 
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Figure 27. Cost-effectiveness for combination HIV prevention strategies 
Discounted incremental costs and QALYS over 10 years are displayed for combined interventions.  
ART – antiretroviral therapy; HIV – human immunodeficiency virus; HPV – human papillomavirus; Dual vaccine – 
HIV and HPV vaccinations; VMMC – voluntary medical male circumcision; PrEP – pre-exposure prophylaxis 
 
3.2.1 Probabilistic sensitivity analysis 
The interventions included under combinations 1, 2 and 3 are associated with improved health 
outcomes at a greater cost compared with the current standard of HIV care in the public sector. 
Bootstrapping analysis was conducted by repeated sampling (1000 iterations) to estimate the 
model uncertainty regarding costs and effects (Figure 28). The majority of the iterations lying in 
the north east (NE) quadrant of the CE plane (an area of trade-off indicating greater health gain 
for added expenditure) raises the critical issue of determining how much a decision-maker is 
prepared to pay for an additional unit gain in health outcome. The limited vertical variation 
indicates limited variability associated with treatment costs. The reported ICERs for all three 
interventions included in combinations 1, 2 and 3 remained well below the WTP threshold and 
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were thus deemed cost-effective. The iterations of combination 4 appear in the SE quadrant 
implying treatment dominance i.e. the elements of combination 4 implemented concurrently would 
prove to be a more effective and less costly (cost-saving) measure.  
 
 
Figure 28. Cost-effectiveness plane for combination HIV prevention interventions 
Incremental costs and effects were graphically demonstrated on the incremental cost-effectiveness plane. 
The x-axis represents the plane according to incremental cost (positive above, negative below), while the 
y-axis represents the plane according to incremental effect (positive to the right, negative to the left), thus 
dividing the incremental cost-effectiveness plane into 4 quadrants through the origin. Values falling below 
the WTP threshold indicated are cost-effective. 
 
ART – antiretroviral therapy; HIV – human immunodeficiency virus; HPV – human papillomavirus; Dual vaccine – 
HIV and HPV vaccinations; VMMC – voluntary medical male circumcision; PrEP – pre-exposure prophylaxis 
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4. DISCUSSION 
 
Globally, it was reported that nearly two million people were newly infected with HIV in 2014 
(740). More than 25 years into the epidemic, international public health programmes are still 
unable to sufficiently curb the HIV incidence. This study aimed to generate insights into potential 
biomedical HIV prevention strategies regarding their financial and health implications when 
implemented individually and in combination. Previous modelling studies confirm that no single 
option can curtail the epidemic but rather, a structured portfolio of complementary prevention and 
treatment options designed around the specific needs of specific populations should be sought 
(741). Biomedical interventions specifically, comprise chemical and physical strategies targeting 
biological and physiological processes responsible for HIV acquisition and transmission (742).  
 
The hypothetical HIV vaccine was found to be cost-effective and biologically feasible, averting 
21% of new infections in a ten year period. Work done by Harmon et al. showed a similar reduction 
in HIV incidence in LMICs from 2.0 million in 2014 to 550 000 in 2070 (741). The HIV vaccine 
proved cost-effective even at lower coverage rates and at lower effectiveness rates in the sensitivity 
analysis. This is important when considering that even a partially effective vaccine could 
contribute to a sustainable response to HIV/AIDS (743). However, the issues of cost become 
critical in developing countries as cost-effectiveness estimates are sensitive to market prices, 
uptake of services and intervention efficacy (744). The HIV vaccine in combination with the HPV 
vaccine resulted in a considerably improved ICER of US$ 7 per QALY gained. Considering the 
burden of HPV disease in South Africa, this finding is particularly relevant implying the indirect 
effect of the HPV prevention strategy on HIV acquisition (92, 268). 
 
Scaling-up of ART coverage has been shown throughout the study to be a necessary, but significant 
financial, investment. Apart from preventing the progression to AIDS, ART can reduce the number 
of new infections by decreasing the amount of circulating virus in the body of an infected 
individual (325). In 2014, UNAIDS’ proposed the “90-90-90” campaign where  90% of all people 
living with HIV know their HIV status, 90% of those HIV-positive  people who are aware of their 
status should receive ART, and 90% of all people receiving ART have achieved and sustained 
viral suppression by 2020 (745). However, it is acknowledged that ART distribution extends 
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beyond mere provision of ART drugs. ART access and adherence represents logistical, financial 
and behavioural challenges between people knowing their status and achieving complete viral 
suppression, even in high income countries (746). Recent updated guidance by the WHO 
recommends initiation of ART at the time of a positive HIV diagnosis, and 16 million people living 
with HIV (less than half of the total) accessing treatment by June of 2015 (741). However, it was 
noted in this study and others that scaling-up ART programmes provided greater value than 
untargeted PrEP programmes (721). Further to this, the implementation of a PrEP programme 
could never supersede increasing ART coverage to those individuals already infected with HIV.  
 
PrEP has been proven to reduce HIV infection among MSM in several large clinical trials, in 
clinical implementation and in a PrEP demonstration project (747). To some extent, the financial 
implications of introducing PrEP negates the optimism of ‘real world’ data, even at the lower 
prices considered. The drug price influences the affordability of PrEP programmes greatly, and is 
thus instrumental in determining overall cost-effectiveness (748, 749). Apart from the drug price, 
the validity and utility of estimates must encompass the associated service costs, including regular 
blood monitoring, potential drug toxicity and the development of resistance (315). User adherence 
to the medication and potential impacts on other preventive mechanisms (such as reductions in 
patterns of condom use) represent additional major concerns (750). As a relatively new 
intervention in South Africa, careful consideration has to be given to marketing the intervention, 
including towards improving provider knowledge (751). In the South African context, where HIV 
stigmatization is rife, the association between PrEP and high-risk behavioural practices should not 
be underestimated as an implementation challenge (752-755). This highlights the need for solid 
pre-implementation counselling that addresses PrEP education, myth reduction, potential social 
prejudices and an accurate assessment of patient obligations as standard (752, 756). Ultimately 
however, as these study findings concur, PrEP remains a relatively low value alternative in the 
general population despite its demonstrated effectiveness (721). From an economic perspective, 
the findings of this study demonstrate that the implementation of a PrEP programme may result in 
significant opportunity costs.  
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Overall, the use of the HIV vaccine with the HPV vaccine (females) and VMMC (males) proved 
to be the only dominant strategy. Comparatively, the use of VMMC proved more cost-effective as 
an individual intervention compared with the HIV Vaccine, alluding to the impact the pricing of 
the vaccine may have going forward. The use of the dual vaccine approach in females makes sense. 
Apart from the highest HPV incidence and mortality in the world, the HIV incidence in young 
women and girls in SSA is twice that of their male counterparts (741).  Similarly among males, 
VMMC has been demonstrated to be a highly cost-effective, highly effective HIV prevention 
strategy in RCTs and in cost-effectiveness studies conducted in areas with generalized epidemics 
(65, 448, 569, 742). In fact several studies have shown VMMC to be cost-saving due to moderate 
implementation costs, high and durable protective effects, and the resulting averted HIV care costs 
(569, 757). Further, unlike most other HIV prevention strategies, VMMC is a once-off procedure 
conferring potentially lifelong protection with no compelling evidence of increased sexual risk-
taking reported among circumcised men (64). 
 
Several limitations were identified in this study. Firstly, models are accepted as simplifications of 
reality, as an approximation of the true nature. As such much of the detail is simplified to aid 
understanding and computation. A glaring example of this would be the oversimplification of the 
complex sexual networking patterns that exist in South African society (758, 759). Secondly, the 
affordability of an intervention must be discerned from its cost-effectiveness. Most interventions, 
as demonstrated with PrEP and scaling-up of ART services, require a substantial financial 
investment. The analyses presented were unable to predict the availability of the resources to 
implement such interventions but rather to highlight the options that present a greater return on 
investment. Thirdly, the analysis considered the South African population as a whole considering 
the generalized state of the HIV epidemic in South Africa. Stratification by risk groups (MSM or 
commercial sex workers for example) may potentially yield differing results even in a high 
prevalence setting. The scenario differs in low prevalence settings where the risk of contracting 
HIV among the higher risk groups mentioned could be up to 12-19 times higher than in the general 
population (741). Fourthly, the potential complications of the interventions and its associated costs 
were not accounted for. These included complications of VMMC (including infections and 
surgical complications) and the development of drug resistance from the use of PrEP. Fifthly, with 
the development of any economic model is the ensuing problem of parameter uncertainty. It is 
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unclear if trial-derived data will differ from those documented in actual clinical practice. 
Frequently, factors such as risk compensation and adverse events impact negatively on the cost-
effectiveness of an intervention. As more data is made available in the literature, particularly in 
the case of the HIV vaccine, the model would have to be restructured and refined. Lastly, it should 
be remembered that the value of the ZAR had essentially halved as a currency by 2015/2016 
implying that costs are much greater in 2015/2016 than previously.   
 
5. CONCLUSION 
 
This analysis does not purport to provide the optimal combination of biomedical HIV prevention 
strategies to be applied in the South African setting. On the contrary, this evaluation was intended 
to stimulate discussion on potential HIV prevention research, intervention options and funding 
opportunities for delivery mechanisms. The allocation of limited financial and human resources 
for HIV control measures in South Africa remains a priority. It is the findings of this body of work 
that the adoption of a multi-intervention biomedical approach could avert a significant proportion 
of new HIV infections and present a more cost-effective use of resources; particularly in the 
absence of large scale multi-interventional RCTs.  
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CHAPTER 9 
 
DISCUSSION 
 
 
1. INTRODUCTION  
 
This body of work aimed to establish an evidence-base for universal HIV and HPV vaccination 
administered individually and in combination to school-going children as part of the school-based 
health programme envisioned under the restructuring of PHC services, a fundamental arm of the 
NHI social reform plan currently underway. The vaccine strategies were considered pertinent 
considering the high burden of HPV- and HIV-related disease harboured by the adolescent age 
group. Furthermore, adolescents were identified at particularly high risk of disease acquisition, 
and hence the vaccination programme was considered as a vital part of the school-based SRH 
platform that was hoping to be developed at schools. However, there still remain large gaps in the 
literature regarding uptake of services, potential delivery mechanisms and parental attitudes 
regarding vaccination. As the scope of the discussion extends beyond a health economic 
evaluation, the gaps identified in the literature are defined under several broad headings: 
 
 Addressing issues of equity 
 Youth access of health services 
 Generation of health data 
 School health care services to adolescents 
 Impact on HIV/HPV disease burden 
 
This chapter begins with a discussion of the information generated by this thesis and the impact 
this has on planning school-based HIV and/or HPV vaccine services for adolescents in South 
Africa. The implications of these findings on school-based HIV and/or HPV vaccine services for 
adolescents are then discussed in relation to the primary objectives of the study. Overarching 
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limitations of the thesis are presented, followed by suggestions for important areas of future 
research. The final conclusions are then made.  
 
2. CONTRIBUTION OF THE LITERATURE FINDINGS ON SCHOOL-BASED 
ADOLESCENT HIV AND HPV VACCINE SERVICES 
 
The literature review carefully outlined the vulnerability of adolescents to acquiring HIV and HPV 
disease and how their prevailing social and economic circumstances contribute to this acquisition. 
The implementation of school-based vaccination services requires considered co-operation among 
various sectors including the Departments of Health and Basic Education along with involvement 
of parents and the adolescents themselves.  The results of this PhD have demonstrated the 
economic, financial and health benefits of the vaccine intervention. Based on the conceptual 
framework (Chapter 1), several key areas were considered for further discussion and are described 
in Table 47.  
 
Table 47. Summary of the gaps in the literature and findings that contribute to the 
understanding of school-based dual vaccine programmes among adolescents 
TOPIC 
EXISTING GAPS IN 
KNOWLEDGE TO BE 
ADDRESSED 
BRIEF SUMMARY OF LITERATURE 
FINDINGS 
Addressing 
issues of equity 
1. Apartheid, rural health and 
diseases of the poor 
2. The quintile system in 
schools 
3. Moving health care into the 
schools 
4. The move to Prevention 
Medicine 
5. Empowering women 
Historically, the bulk of HIV and HPV disease are 
concentrated among the poor, rendering the 
universal access that school-based health services 
offer vital. School-health services represent an 
established level of care, tailored to the needs of 
adolescents at their socio-economic level that 
brings the services to the child. Apart from SRH, 
education services will have to address the 
empowerment of women in sexual decision-
making. Preventive medicine is the highest 
echelon of health care and is a long overdue shift 
from hospicentric care to more primary 
prevention.  
 
Youth access of 
health services 
1. The impact of a historically 
fragmented health service on 
adolescents 
2. The inadequacy of rural 
health care 
The health system of South Africa was left socially 
and economically fragmented under Apartheid. 
The rural health system bore the brunt of the poor 
health service delivery. The NHI represents social 
reform and health care finance restructuring that 
seeks to address the health care inequities of the 
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3. The problems with 
traditional health services for 
adolescents 
4. The vulnerability of women 
and young girls 
5. The effects of co-payments 
on health care delivery 
6. Acknowledging the gap in 
health care provision to 
adolescents 
7. The need for SRH services 
for adolescents 
past. To some extent, it will negate the need for 
financially draining co-payments that depletes the 
family’s financial resources. A key arm of this 
endeavour is the re-engineering of PHC, particular 
targeting school-based health care. This is 
important as adolescents have long endured 
challenges accessing traditional health care 
services in the form of judgemental staff and poor 
quality of services. The inherent vulnerability of 
women and young girls to HIV disease as well as 
IPV, early sexual debut and sexual exploitation are 
well documented. There is a dire need for SRH 
that target empowering women and improve links 
to community support structures. School-based 
health care bridges the chasm between established 
childhood health services and adult services, 
where adolescent health care is relatively 
neglected. While this body of work explores the 
health care provider perspective, the long-term 
impact on disease burden alludes to improved 
productivity going forward.  
 
Generation of 
health data: 
 
(Adolescent 
epidemiological 
data) 
1. Identification of adolescents 
as an independent risk group 
for disease 
2. How interventions impact on 
disease burden in the 
adolescent group 
3. Assessing the need for SRH 
and promoting uptake of the 
services 
The literature review explains why adolescents are 
considered high risk. It alludes to issues of early 
sexual debut, ‘sugar-daddies’, multiple and 
concurrent partners, drug and alcohol use and 
sexual exploitation. School-based health care has 
been shown to be universally useful and parental 
involvement in the SRH development is 
encouraged. While disease manifestation may 
only occur decades later, it is imperative that we 
target adolescents early and prior to sexual debut.  
 
Generation of 
health data: 
 
(Use of health 
economic data 
in health care 
planning) 
1. Health economics, as a 
discipline, is not widely 
established in South Africa  
2. Understanding the 
implications of the vaccines 
vs. increase in ART 
provision vs. the value of 
VMMC 
3. Costing the programme 
options, assessment of the 
opportunity costs and the 
cost consequences 
It is often the case that due to lack of expertise on 
health economics, decision-makers extrapolate 
regional data for the purposes on planning. This 
PhD embodies work based on the local data in 
South Africa and is thus locally relevant. It allows 
for the comparison of the vaccine interventions 
against validated biomedical interventions in a 
head to head comparison. We also explored how 
these interventions measured up against potential 
up-scaling of the ART services currently provided 
in the country.  
 
School health 
care services to 
adolescents 
1. Organised health services 
provides specialised care for 
children and adults, but miss 
adolescence 
Adolescents comprise 25% of the world’s 
population and their dynamic health needs warrant 
specific attention. The development of a school-
based programme extends beyond mere 
vaccination provision but requires a clear 
understanding of their sexuality. Although much 
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2. Catch-up of adolescent 
vaccines and opportunity for 
establishing SRH at schools 
3. The interaction of health and 
education: facing concerns of 
poor nutrition, abject poverty 
and the resultant 
developmental delays 
research has been undertaken, the project requires 
practical translation. The staff implementing the 
service needs to be trained to comfortably handle 
discussions on sexuality and disease processes. 
Given the sensitivity involved in the subject 
matter, it would be advisable for parents to assume 
a more active role in curriculum development.  
 
Impact on 
HIV / HPV 
disease 
burden: 
 
(HIV vaccine 
concerns) 
 
 
1. Identifying and prioritising  
adolescents as a group at 
high risk for HIV  
2. The need for HIV vaccine 
bridging studies among 
adolescents  
3. Addressing the economics of 
the HIV vaccine including 
vaccine characteristics and 
pricing structures 
4. Predicting the health impacts 
of the HIV vaccine 
5. Proposing vaccine delivery 
mechanisms 
The literature review identified the challenges 
facing adolescents in post-Apartheid South Africa, 
and their particular vulnerability to HIV disease. 
The complexities surrounding the South African 
legislature regarding adolescent involvement in 
clinic trials was then outlined. Based on these 
legalities, the value of bridging studies among 
adolescents was discussed, particularly citing the 
example of the HPV vaccine. The literature review 
further cited the value of school-based health 
services for adolescents, including SRH and HCT. 
Lastly, based on the target product profile of the 
P5, vaccine characteristics were assessed in 
differing scenarios and then tested against other 
biomedical interventions targeted at HIV 
prevention.  
 
Impact on 
HIV / HPV 
disease 
burden: 
 
(HPV vaccine 
concerns) 
 
1. Improving HPV vaccine 
coverage 
2. Improving HPV vaccine 
uptake 
3. The cost implications of 
improving uptake and 
coverage 
4. Assessing the impact of dual 
vaccination services 
5. Establishing the HPV disease 
burden among adolescents 
6. A dissection of the existing 
services 
7. Addressing the myths of 
promiscuity associated with 
vaccination 
Currently the HPV vaccine programme is being 
delivered to quintiles one and two schools. This 
PhD assessed the cost consequences and health 
implications of universal coverage at schools, 
based on the foundations of the school-based 
service of SRH. By doing so, this work 
demonstrates the universal cost-effectiveness and 
improved health outcomes of HIV and HPV 
disease as a result of a dual vaccination 
programme. The poor uptake of the existing 
cervical screening programme is noted and 
explained. The poor uptake of screening services 
further justifies moving the service to adolescents 
in a school environment. Additionally, the HPV 
vaccine alone and in combination with the HIV 
vaccine are weighed against existing biomedical 
prevention strategies employed to compare their 
impact on disease burden and cost-effectiveness. 
The myths surrounding the HPV vaccine 
promoting promiscuity is explored, and debunked.  
Marketing of the HPV vaccine as a primary cancer 
prevention tool is considered to address issues of 
stigma and improve uptake.  
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2.1 ADDRESSING ISSUES OF EQUITY 
 
Ensuring young people remain in school is dependent on many factors – gender, socio-economic 
circumstances, conflict, rural areas, poverty, disability, HIV/AIDS and ethnicity (760).  In SSA,  
the persistent disadvantages in access to education persist; perpetuating the cycle of poverty (761). 
 
Gender remains the seed for much inequity. In southern Africa, young women aged 15-24 years 
comprise nearly 30% of all new HIV infections in the region (331, 347).  Within South Africa, this 
translates to approximately 113 000 new infections among women annually, roughly four times 
the amount contributed by their male counterparts (97). Many young girls’ first sexual experience 
involves some level of coercion, with those aged 15-19 years at high risk of physical and sexual 
violence compared with older women. Many adolescent girls have considerable age differences 
with their partners, rendering them susceptible to exploitative relationships (762). As such, many 
women realise that once sexual relations have been initiated, the power dynamic in the relationship 
shifts to the male (763, 764). This shift in control is a characteristic feature of the HIV epidemic 
in the region, where young women acquire HIV disease five to seven years earlier than males; 
often at sexual debut (97, 98, 765). 
 
Despite the risk of disease in young women, there remain limited evidence-based interventions 
available to this population. Sadly the options of abstinence, behaviour change and condom use 
has been negated by the challenging power dynamics highly prevalent in the southern African 
environment (350). Many SRH programmes relay a generic message targeting a wide range of 
individuals (e.g. different genders, population groups and varying levels of sexual experience). 
Research conducted among the youth in Cape Town suggest that tailoring the sexual and 
reproductive education curriculum to targeted groups such as young women has the added benefit 
of allowing young women to align their perception of risk to their understanding of the disease 
process (766). 
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2.2 YOUTH ACCESS TO HEALTH SERVICES 
 
Epidemiology, knowledge, and behavioural data describes limited success in global prevention 
efforts with considerable ground to cover before universal access to critical prevention services 
and support for adolescents (including provision of age-appropriate information, access to 
condoms, HCT); and essential SRH and treatment services can be established (767).  
 
However, consistent with several studies was the finding that most youth perceived themselves to 
be at little or no risk of HIV or other STIs (768-773).  Adolescence is characterised physical, 
sexual, emotional and psychological change that influences the development of autonomy, 
increased impulsivity and vulnerability to peer influence. These changes may be closely linked to 
poor adherence to chronic medications required for conditions such as diabetes, asthma and HIV. 
Often poor adherence extends beyond simple forgetfulness and difficulty integrating medication 
into busy school or extra-mural activities. During the adolescent period, serious consideration has 
to be given to issues of stigma, unresolved psychological barriers and substance abuse (698, 774-
776). Additionally, structural barriers include limited socio-economic resources for transportation, 
inaccessible clinic hours and other demanding responsibilities like caring for younger children 
(777). The situation is exacerbated by legislation and nursing staff   that criminalize the behaviour 
of adolescents and foster further discrimination and violence, thus hindering access to these 
critically needed services (767). Little is understood about the factors determining the success or 
failure of school-based adolescent SRH services, apart from the differential uptake by the genders, 
limited availability of materials and the high turnover of trained teaching staff (405).  
 
The transition from childhood to adolescence is fraught with emotional and psychological changes 
that require specialised understanding and services. However, these expertise are often 
unavailable. Comprehensive care requires SRH counselling, contraceptive and risk-reduction 
counselling, and treatment of STIs, provision of ART and access to social welfare systems (776). 
It is little wonder that adolescent access to these essential services remains constrained. Investment 
in a school-based programme  that provides education linked to screening service and care has 
great potential to reach the marginalised youth but also to reduce costly hospital admissions and 
the social impact this has on families and communities (776). 
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2.3 GENERATION OF HEALTH DATA 
 
The global view of adolescent health is inconsistent, with major data gaps (778). South Africa 
collects very little data on the health of its adolescents routinely. This is partly attributed to the 
poor access to health services by adolescents and partly because of the age bands adopted by the 
District Health Information System (DHIS) (767, 774). This lack of data is concerning as several 
determinants of poor health in adults such as alcohol and cigarette use, poor diet and lack of 
physical activity stems from the adolescent years (774). Ultimately, poor data gathering 
mechanisms are being compounded by inadequate analysis and reporting systems, resulting in  the 
health outcomes of adolescents that cannot be tracked or monitored in a meaningful way.  There 
is no standardisation of data, and the existing data does not lend itself to international comparison 
nor for use in improving the health outcomes in adolescents (767). 
 
South African health data sets need to capture vital information pertaining to adolescents. This will 
allow for determining trends and patterns in adolescent health that would ultimately inform 
interventions that are responsive to the needs of adolescents. This would require an overhaul of 
national data sets, district data collection forms and clinic registers; and sufficient training of health 
care staff to understand the rationale for the change and effect the new documentation (779). It 
should be remembered that this problem is not confined to South Africa. Internationally, there is 
no agreed set of indicators specifically for adolescent health (780). 
 
2.4 SCHOOL HEALTH SERVICES TO ADOLESCENTS 
 
Research has shown that school-based health services have significant advantages for the delivery 
of interventions based on the ability to reach large numbers of young people (781, 782). Many 
South African youth are confused by the contradictory messaging they receive regarding 
HIV/AIDS which they feel schools themselves are unable to clarify (783). It is often the case that 
schools are delegated the bulk of the responsibility by African society to develop the safe sexual 
practices of the youth. To this end, the South African Department of Education (2001) has 
integrated HIV/AIDS into the Life Orientation curriculum at all schools (784). However, the 
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indifferent attitudes of learners and teachers alike raises concerns on how to overcome the 
ignorance surrounding HIV disease and how to avoid possible infection (784).   
 
Several challenges have been described in school-based SRH services; not limited to inadequate 
time allocation for sexual education, poor resources and unmanageably large numbers of students 
per class (431). The situation is further exacerbated by disparate cognitive and developmental 
maturity between males and females, frequent student absenteeism and high levels of violence 
(785). Teachers themselves pose barriers due to absenteeism, conservative personal beliefs and 
concern regarding their own HIV status (431, 786-788). While the knowledge of HIV transmission 
was considered acceptable among most youth, the several misconceptions about the disease were 
alarming. Coupled with low education levels and substance abuse among males was the belief 
among females that condoms ‘get in the way’ of sexual intercourse. The result among South 
African youth was high levels of high risk sexual practices, particularly among the youth residing 
in socio-economically deprived areas (789). 
 
Adopting the principles of school mentors and participatory learning approaches from the school 
sector could assist the implementation of interventions in schools and have significant potential in 
improving the current preventive models being employed for adolescents.  
 
2.5 IMPACT ON HIV/HPV DISEASE BURDEN 
 
The 2006 position paper on HIV/AIDS in adolescents issued by the Society for Adolescent 
Medicine noted that despite the scientific advancements made in the diagnosis and treatment of 
HIV/AIDS, the HIV/AIDS epidemic among adolescents was burgeoning; with almost 50% of new 
infections documented among the youth and young adults (790, 791). UNAIDS estimated that 
approximately 300 000 new infections occurred among adolescents aged 15–19 years in 2012, 
which constituted  13%  of the two million new infections globally in 2012  ~ roughly translating 
to 830 adolescents being infected daily in 2012 (767).  Despite this, the uptake of HCT among 
adolescents in South Africa remains poor, with only 20% reporting ever having had a HIV test 
(97). 
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The second decade of life has been marred by an increased vulnerability to HIV infection for those 
transitioning from childhood to adolescence (792). This highlights the critical importance of youth-
focused HIV prevention strategies (792, 793). Adolescence is developmental phase with complex 
psychosocial, behavioural, physiological and cognitive interactions that challenges the boundaries 
of treatment adherence, social and sexual behaviour and health seeking tendencies (794-797).  It 
is a period characterised by experimentation, risk-taking and significant peer pressure with a need 
to assert an identity separate from that of caregivers – a period that lends itself to experimentation 
and risk including early sexual debut, sexual coercion and violence and abuse of substances (798, 
799). It is these behavioural characteristics that result in adolescents committing early to sexual 
relationships amidst growing concerns of anxiety, guilt, fear and vulnerability to STIs and 
abortions (800). 
 
Adolescents and young adults are particularly vulnerable to the sexual transmission of infection 
(347, 794). HPV infection represents one of the most common STIs among adolescents, sharing 
many of the same risk factors and health seeking concerns of HIV. HPV infection poses substantial 
health risks; and the nature and course of the disease remains highly unpredictable. While genital 
warts are the most common clinical manifestations of HPV infection, it is with persistent infection 
that the risk of CIN and subsequent cervical cancer becomes a possibility (801). The prevalence 
of HIV/AIDS among Nigerian youth remains one of the highest globally, and studies conducted 
among this group confirm the disjuncture between HIV/AIDS knowledge and the adoption of 
protective sexual behaviour (802). Apart from poor availability or poor interpretation of 
knowledge of sexual matters among adolescents in SSA, their vulnerability to STIs is exacerbated 
by inaccessible health services and poor education and life skills orientation (389, 803). The crux 
of the matter is that HIV prevention and care services in the region need to be modified and adapted 
to adequately address the specific needs of the escalating disease burden among adolescents.  
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3. IMPLICATIONS FOR SCHOOL-BASED ADOLESCENT HIV AND HPV 
VACCINE SERVICES 
 
The findings of this thesis provided unique insights into the environmental factors that influence 
the decisions made by adolescents, explored school-based health services as a delivery mechanism 
for the HIV and HPV vaccine, and quantified the cost-effectiveness and financial implications of 
the vaccine interventions. The implications are presented under these sub-themes, and are 
discussed in Table 48.   
 
Table 48. Summary of the implications for school-based dual vaccine programmes among 
adolescents 
THEME SUB-THEME 
IMPLICATIONS SCHOOL-BASED DUAL VACCINES 
AMONG ADOLESCENTS 
Addressing 
issues of equity 
The 
vulnerability of 
women 
South African women have long suffered a disproportionately 
high burden of HIV- and HPV-related disease. There often exists 
a social and cultural barrier that limits the access of women to 
health care including issues of disease associated stigma and 
family influence on whether health care should actually be 
accessed. While the implementation of the dual vaccination 
strategy does not directly translate to improved sexual decision-
making and empowerment among women, it is hoped that this 
point is inadvertently achieved through the sexual health 
education and counselling that would be administered prior to 
vaccination and as part of the informed consenting process.  
 
Youth access 
of health 
services 
Establishing 
youth-friendly 
services 
Youth-friendly health services should be tailored to the needs of 
adolescents. The curriculum for the school-health services should 
be developed in collaboration with the Departments of Basic 
Education and Health, in consultation with parents and teachers 
and with adolescent representatives. The school-based services 
should be linked to the wider societal services available in the 
community such as social welfare and counselling services, if 
required. The service provided should be non-judgmental with 
teachers (that provide the education) and nurses (that provide the 
health-care services) undergoing sensitivity training. The service 
should be provided from an adolescent perspective and be 
accessible during reasonable hours at the school so as to not 
interrupt educational activities. By targeting schools universally, 
and not based on socio-economic status, the developmental 
milestones of the youth can be assessed, and deficiencies and 
delays identified and rectified.  
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Accessing 
health care 
As discussed in the literature review, the health system has been 
fragmented by Apartheid. The reforms of the NHI have prioritized 
school-health services and concentrated particularly on PHC 
delivery. The focus of this PhD is to establish the HIV and HPV 
vaccine programme as part of the school-based services under 
implementation of the national government. As such, the 
infrastructural and human resource requirements for the delivery 
of these vaccines would be potentially provided by the school-
service were it established.  
 
Generation of 
health data 
Adolescent 
epidemiological 
data 
As youth health services have generally been a neglected field, the 
development of school-health services creates the opportunity to 
establish a database of health information, with subsequent 
follow-up data to determine trends in disease patterns. The 
information garnered will guide health planning by determining 
uptake and coverage, as well as identify areas of need and areas 
requiring improved service delivery.   
 
Use of health 
economic data 
in health care 
planning 
The PhD compared the cost-effectiveness of different 
interventions under different scenarios where the HIV and HPV 
vaccines individually and in combination were weighed against a 
range of biomedical interventions. The affordability and 
opportunity costs of the various options were considered by 
gauging the cost consequences of the interventions. As the 
question of treating ourselves out of the HIV epidemic constantly 
arises in academic discussion, the scenario of increasing the ART 
treatment threshold to cover the treatment shortfall described by 
UNAIDS was assessed.  
 
Impact on 
HIV / HPV 
disease burden 
Vaccine 
interventions 
Individual or dual vaccination strategies are shown to be 
universally cost-effective. This is an important consideration 
when planning health care services as it describes a shift from 
curative, secondary disease prevention to primary prevention 
strategies, in keeping with the national restructuring of health care 
being proposed. Although this PhD considers the provider 
perspectives of the vaccine implementation, the reduction in 
disease burden would more than likely result in improved 
productivity and better health outcomes when considering the 
societal perspective. 
 
Disease burden The landscape of the HIV and HPV disease burdens are changed 
with vaccine implementation. Besides the improvement noted in 
life expectancy, there are decreases noted in disease incidence, 
particularly when the dual vaccination strategy is used.  
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3.1 ADDRESSING ISSUES OF EQUITY 
 
Addressing inequities among adolescents of South Africa extends far beyond the conventional 
‘temperamental nature of teenagers’ into years of societal fragmentation orchestrated by 
Apartheid. Black adolescents, in particular those residing in female headed households are more 
likely to live in poverty, have poor access to water and sanitation, experience hunger regularly and 
are unlikely to complete secondary level education (804). 
 
In general adolescents need social, emotional, spiritual, and often material support (805). The 
situation is exacerbated among HIV-infected adolescents as they are often alienated from their 
peers (806). It is at this juncture that the need for support groups becomes imperative, as peer 
support may not be forthcoming (775). As discussed throughout this PhD, adolescent girls are 
especially vulnerable in the South African context as they are unable to negotiate monogamy, 
condom use and/or male circumcision (176). There is a significant association between the early 
onset of sexual relations and poor condom use among females. Often early onset of sexual 
initiation renders young women incapable of negotiating safer sexual practices with their partners 
highlighting the need for gender focused programmes, particularly focussing on the sexual 
empowerment of female adolescents (802, 807). A vast array of comprehensive biomedical, 
structural and behavioural interventions need to be made available to young women if the HIV 
epidemic control is to be properly addressed. Until such time that this is achieved, existing HIV 
prevention strategies need to be practically integrated into wider school-based SRH services as a 
priority (176). 
 
Structured social norms grant more privileges to males than females and promote models of male 
masculinity that justify their subjugation of women (808). This access to social and financial 
resources can impact on nutrition, education, employment, and income with girls less likely to 
enrol in schools and more likely to drop-out (809). Women are thus frequently economically 
dependent on their male counterparts, which within a sexual relationship results in threats of 
violence (physical, sexual and psychological), diminished ability to negotiate safer sexual practices 
(e.g. condom use) and the decreased likelihood of accessing HIV testing services because of fear 
of disclosing their status (810-812). 
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 The HIV/AIDS epidemic has resulted in an unprecedented shift in focus to gender inequality and 
women’s vulnerability (813). Women need to be empowered to realise their sexual and 
reproductive rights and health within the health system and beyond it through intersectoral-
collaboration including school-based reproductive health services (814, 815). It is inevitable that 
gender inequities practiced in everyday South African life inadvertently filters into the classroom. 
As an example, young girls falling pregnant while at school are expelled and unfairly discriminated 
against (809). SRH services remains central to addressing issues of gender equity. The access to 
these services remains inadequate to both males and females which has serious health 
consequences for all, particularly for women and girls in areas with HIV prevalence (814).  School-
based interventions need to be cognisant of multiple structural factors such as social 
norms, gender inequality, and poverty; and integrate these components with comprehensive 
sexuality and behaviour change, open communication and parental involvement (816). 
 
 
3.2 YOUTH ACCESS OF HEALTH SERVICES 
 
Millions of adolescents are sexually active in areas with high disease burden of HIV, and are thus 
at risk of acquiring HIV. Adolescence presents a prime opportunity to engage these children prior 
to sexual activity, and implement interventions targeted at reducing their risk (767). 
 
School-based adolescent SRH programmes have been shown to positively impact on HIV/AIDS 
knowledge, behaviours and attitudes, and have been promoted for implementation widely (389, 
390, 403, 817-819). The benefit of channelling health services through the school system is that it 
enables large numbers of young people to be accessed, and has significant potential for scale-up 
of interventions (440). Integrated adolescent-friendly, school-based health services has the 
potential to bridge the gap between availability and access to general and reproductive health 
counselling services (233). Attempts to strengthen more traditional clinical based services by 
providing comprehensive youth-friendly SRH services have often fallen short due to clinic 
inaccessibility for several reasons including clinic hours and hostile staff (331, 407).  ‘Youth-
friendly health services’ have adopted several innovative strategies such as combining 
interventions that see training of service providers, outreach activities and mobile health services. 
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Yet these services fall prey to the same limitations experienced by traditional services (389, 396, 
820, 821). 
 
3.3 GENERATION OF HEALTH DATA 
 
There is undoubtedly a need to strengthen the development of strategic information to effectively 
address educational and health developmental outcomes of young people including access to 
comprehensive SRH services. The persistent lack of good quality research and evaluation of 
adolescent health interventions limits the ability of the country to address major health concerns 
facing adolescents (822). Well-developed information systems have underpinned advances in 
health in other age groups and evidence suggests a similar response in younger age groups, 
particularly regarding the school context for health development (823-825). Further, age-
disaggregated data generated would allow for ongoing monitoring of results, with a focus on 
scrutinizing and responding to inadequacies in access, coverage, and quality of high-impact 
interventions and to track progress on implementation of current guidelines (441, 826). 
Comprehensive data are essential to shaping accurate HIV-related messages and services and 
sexual education curricula before risky behaviours start developing and become entrenched (767). 
Adequate documentation of adolescent health programmes are needed so that the programmes may 
be evaluated and improved upon where required (779). School-based health surveys may present 
a novel option for adolescent data collection, particularly considering the improvements made in 
learner enrolments in South Africa (780). 
  
The relentless spread of the HIV among South African youth means that policy and interventions 
require careful attention. These programmes need to be evaluated rigorously and the long-term 
impact needs to be studied (779). 
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3.4 IMPACT ON HIV/HPV DISEASE BURDEN 
 
As one of the most common STIs globally, HPV prevention through vaccination is a public health 
priority aimed at reducing cancer and HPV-associated disease burden (827). The HPV vaccine has 
repeatedly been proven to be cost-effective and highly immunogenic (274, 709). Prevention 
through vaccination has been proven to be a lifesaving intervention that decreases the burden of 
HPV-related cancers and other HPV-associated diseases (827). In fact, results from projects 
conducted in South Africa demonstrated how the adolescent HPV programmes could be used to 
control cervical cancer among the mothers by offering information and screening (828). Yet 
unwarranted fears (mostly by parents) of increased sexual promiscuity has stagnated vaccine 
uptake in many areas (829-832).  In reality, few adolescents adopted more risky sexual practices 
post HPV vaccination. However, several misperceptions regarding the HPV vaccine exist among 
adolescents and comprehensive education and active communication between young girls and their 
mother is needed to address this (833). Even countries with established access to HPV vaccines 
like the USA have experienced difficulty maintaining coverage rates. Some of the reasons quoted 
for this include parental concerns about safety, necessity, and timing (834). Adolescent issues 
around consent are another drawback to vaccination. If vaccine coverage among unaccompanied, 
adolescent minors is to be considered, then the political, legal and policy frameworks need to 
accommodate their ability to make this decision (835, 836). This concept of adolescent consent is 
vital when considering the vaccine hesitancy sometimes displayed by paediatric health care 
providers. Educational interventions have to be tailored to improve vaccine confidence (837).  
 
A similar set of arguments and could potentially arise should the HIV vaccine become available. 
For now, HIV prevention remains a key area of focus in adolescent health care particularly 
considering their dynamic social, physiological and psychological needs as they transition from 
childhood to adulthood. Ignoring their sexual and reproductive needs at this formative stage may 
result in irreparable damage to them, and dire consequences to the HIV/AIDS epidemic of the 
country (767). The onus is on health care providers to enhance vaccine utilization by engaging in 
more active discussion with their patients. Strategies include education and advocacy for receiving 
the vaccine, maximizing access to the vaccine, and implementing new strategies for vaccine-
delivery, including school-based services (834, 838). 
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4. LIMITATIONS  
 
The methodological limitations of the study have been presented in Chapter 4 and in the individual 
chapters for the studies (Chapters 5-8). There are still a few overarching limitations that need to 
be considered regarding the study population and the methodology.  
 
The adolescent population of South Africa is heterogeneous displaying considerable economic, 
social, behavioural and cultural diversity. This research has incorporated the analysis of 
demographic information and data on sexual risk behaviour that will hopefully portray a more 
comprehensive picture of adolescent sexual risk behaviour in this country. However, the studies 
assumed the population to be sexually naïve at the start of the model to simplify the conditions of 
the simulation. This is often not the case as many young South Africans are documented to have 
an early sexual debut, and many have fallen prey to non-consensual sexual activity. The 
complexity of the sexual networking that is occurring is also not explored in extensive detail. 
Future studies could factor in the high rates of concurrency and multiple partners to more 
adequately represent the sexual interactions among adolescents. A school-based intervention was 
modelled. This study did not consider drop-out rates; this was to ascertain a more thorough 
estimation of cost using a complete school-based adolescent population. Lastly, the analysis used 
a static model and was thus unable to determine the influence of the vaccines on secondary 
transmission (herd immunity).  
 
The work presented in this PhD addresses several data gaps in South African adolescent 
vaccination interventions and represents an important contribution to the literature. However, as 
many of the parameters were not routinely collected and sourced from the literature, the 
generalizability of these findings would need to be validated. Important data parameters that were 
difficult to access included the rates of transition among the ART regimens, the actual numbers of 
people on each ART regimen, average drop-out rates and accurate mortality estimates across the 
age-bands. Data gaps that specifically pertained to adolescents included the numbers that accessed 
ART, average ART enrolment rates in this age bracket, accurate school enrolment figures, current 
uptake of traditional health services and the demand for reproductive health services among this 
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age group.  Finally, to facilitate both planning and future research, a more comprehensive 
description of the school health services envisaged under the NHI would prove most useful.  
 
The HIV vaccine is hypothetical and thus its parameters were assumed, based on work completed 
thus far. The study did not account for potential side-effects of the vaccine as these would be 
speculative. While the findings of this PhD would have to be validated when a vaccine became 
available, the results do provide important information regarding vaccine implementation in a high 
risk population. Parameter uncertainty was evaluated using sensitivity analyses. Lastly, the vaccine 
effectiveness was expressed in terms impact on disease burden and health outcome which are 
theoretical endpoints. Programme effectiveness considering adolescent uptake of services, 
acceptability of the standard of care by the learners and parents alike and relevance to the South 
African context would have to be assessed qualitatively.  
 
5. FUTURE RESEARCH  
 
Further research questions arose from the findings of this thesis, its limitations and the suggested 
implications for dual vaccination strategies for school-based adolescents. Regarding the impact on 
HIV/HPV disease burden, economic evaluations of potential adolescent interventions need to be 
conducted to advise health planning going forward. Accurate costing data are often difficult to 
access, and programmes should concentrate on more fully estimating the costs of adolescent health 
interventions. The integration of services for HIV and HPV should be explored as part of the PHC 
reengineering to offer more comprehensive care. Importantly, this strategy would have to be 
evaluated against the test-and-treat ART strategy that is being globally implemented. Lastly, once 
the HIV vaccine is commercially available, a more accurate costing exercise should be undertaken 
particularly concentrating on the impact of vaccine pricing structures and the overall financial 
implications of the vaccination programme. Regarding youth access to health services, there is still 
a need to enhance the understanding of the risk and protective factors influencing the behaviour of 
adolescents, including important concerns such as vaccine hesitancy. Vaccine hesitant individuals 
may accept vaccines but report continued concerns about them or may delay or refuse vaccines 
altogether (839). The WHO has characterised vaccine hesitancy as “a behaviour, influenced by a 
number of factors including issues of confidence (i.e. do not trust a vaccine or a provider), 
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complacency (do not perceive a need for a vaccine or do not value the vaccine), and convenience 
(access) (840). The concept translates clinically into failure to achieve or sustain herd immunity 
(841), making it a vital area of future research. In the context of this work, vaccine efficacy could 
be included as a confounding effect on vaccine coverage. Other potential impacts of the hesitancy 
are included in Table 49.   
 
Table 49. Potential effects of vaccine hesitancy on model parameters and outcomes 
Parameter  Potential impact 
Coverage  
Decrease the coverage as people potentially refuse to be 
vaccinated.  
Duration of protection 
Indirectly impacts herd immunity levels, and thus decreases 
duration of protection 
Cost of vaccine No impact 
Transmission rates 
Unvaccinated individuals are more susceptible to disease and could 
potentially increase the transmission rates.  
Vaccine effectiveness  
Hesitancy or refusal may diminish the “effectiveness” of a vaccine 
in a real world setting.  
Study outcomes Potential impact 
Cost-effectiveness of : 
- HPV Vaccine 
- HIV vaccine 
- Dual vaccine 
Decrease the cost-effectiveness as fewer people will be prevented 
from acquiring disease. 
Potential inclusion of 
adolescents in vaccination 
programmes 
One of the areas of major impact. Parents rarely relinquish their 
autonomy over their children and the potential is that fewer 
adolescent would be vaccinate, increasing your susceptible pool.  
Development of school 
health programmes 
Vaccine hesitancy would impact the immunisation arm of the 
school health programme. The impact on the other services offered 
will have to be assessed.  
 
Much has been achieved in this regard but emphasis needs to be placed on the refinement of this 
knowledge and its incorporation into programmes and policies. The inherent drawbacks of 
traditional clinic services have been described in the literature. Research now needs to concentrate 
on making these services more responsive to the needs of the adolescent, and integrating their 
input into the delivery mechanisms. To this end, a cost-effectiveness analysis by province and / or 
by racial groups would prove most useful.  
 
 
 
247 
 
The deleterious effects of inequity will be felt for generations to come in South Africa. The broader 
social determinants of health have been largely described and now need to be addressed through 
improvements in service delivery, alleviation of poverty and development of infrastructure. 
Mechanisms to achieve this have to be researched. Additionally, strategies have to be developed 
to collect data on socially marginalised young people particularly those who have dropped out of 
school and those in correctional facilities. There is a global paucity of relevant adolescent health 
data. An internationally agreed upon set of indicators needs to be developed to assess programme 
effectiveness and areas of priority. In South Africa specifically, the age thresholds used in the 
DHIS need to be redefined. Neglected areas of adolescent health, such as mental health and health 
system functioning, need regular and appropriate measurement.  
 
School health services to adolescents have already been prioritised by the national government in 
restructuring PHC. While the initiative has government will, the implementation of these services 
have been lagging. The HPV vaccination has been successfully rolled out to quintiles one and two 
schools. These successes need to be built on. The platform that has been established through the 
HPV programme needs to be developed, expanded and assessed going forward. There are several 
policy documents endorsing school health services. To ensure the success of the programme, 
adolescents need to detail their requirements and expectations of the service; thereby improving 
accessibility and making the services more meaningful to the youth. From an economic evaluation 
perspective, the costs implications of a national school health programme would need to be 
assessed. There were several misconceptions associated with HPV vaccination including concerns 
of promiscuity of adolescent girls post vaccination by parents and trepidation regarding side-effect 
profiles. The lesson that should be learned from this is the need for culturally appropriate marketing 
strategies for the HIV vaccine once it becomes commercially available. Uptake of the HIV vaccine 
would hinge on how adolescents perceive the vaccine, and we should endeavour to understand this 
prior to implementation.  
 
 
 
 
248 
 
6. CONCLUSION  
 
‘The adolescent population in sub-Saharan Africa is expected to double in 2050, a region where 
HIV infections are also highest, and adolescents already account for 23% of the current 
population. Although data improvements are needed, the current evidence makes clear that 
adolescents are more vulnerable to HIV than persons in older age groups, invoking an obligation 
to take action’ (767).  
 
This thesis has shown that universal dual HIV and HPV vaccination of adolescent girls through a 
school-based health care system in South Africa represents a plausible and cost-effective strategy 
for addressing the high incidence of HIV and HPV disease that this young age group is particularly 
susceptible to. Apart from being cost-effective, the universal implementation of the HIV vaccine 
to adolescent boys and girls through the same delivery mechanisms, yielded substantial health 
gains by reducing the HIV disease incidence and improving life expectancy across all age groups. 
The thesis provided evidence that substantiated these findings and thus has implications for 
adolescent health planning in South Africa going forward. The strength of the economic evaluation 
findings is that it is based on locally ‘sourced’ South African data, and is thus representative of the 
current health situation in the country and not merely an extrapolation of regional or international 
findings. Furthermore, apart from being locally relevant, the findings may have significance to 
other LMICs where high HIV and HPV disease burdens persist, with a dearth of reliable health 
information generated to guide planning. The comprehensive establishment of school-health 
services is complex and using this conduit for the implementation of the HIV and/or HPV vaccine 
services remains challenging; but international (and now locally relevant) evidence exists that 
supports this initiative as viable and cost-effective. Much work still remains to be done in the field. 
 
 
 
 
 
 
 
249 
 
REFERENCES 
 
1. Coovadia H, Jewkes R, Barron P, Sanders D, McIntyre D. The health and health system of South 
Africa: historical roots of current public health challenges. Lancet. 2009;374(9692):817-34. 
2. Naidoo S. The South African national health insurance: a revolution in health-care delivery! J 
Public Health. 2012;34(1):149-50. 
3. National Department of Health. National Health Act (61/2003): Policy on National Health 
Insurance, 34523. Pretoria, South Africa: National Department of Health; 2010. 
https://www.greengazette.co.za/documents/national-gazette-34523-of-12-august-2011-vol-
554_20110812-GGN-34523.pdf (accessed Sep 12, 2011). 
4. Gilbert L, Walker L. Treading the path of least resistance: HIV/AIDS and social inequalities a 
South African case study. Soc Sci Med. 2002;54(7):1093-110. 
5. Mayosi BM, Flisher AJ, Lalloo UG, Sitas F, Tollman SM, Bradshaw D. The burden of non-
communicable diseases in South Africa. Lancet. 2009;374:934-47. 
6. Tomatis L. Poverty and cancer. Cancer epidemiology, biomarkers & prevention : a publication of 
the American Association for Cancer Research, cosponsored by the American Society of Preventive 
Oncology. 1992;1(3):167-75. 
7. Mufune P. Poverty and HIV/AIDS in Africa: Specifying the connections. Soc Theory Health. 
2015;13:1-29. 
8. Tladi LS. Poverty and HIV/AIDS in South Africa: an empirical contribution. SAHARA-J: 
Journal of Social Aspects of HIV/AIDS. 2006;3(1):369-81. 
9. Steinert JI, Cluver L, Melendez-Torres GJ, Herrero Romero R. Relationships between poverty 
and AIDS Illness in South Africa: an investigation of urban and rural households in KwaZulu-Natal. 
Global Public Health. 2016:1-17. 
10. Ganyaza-Twalo T, Seager J. Literature Review on Poverty and HIV/AIDS: Measuring the Social 
and Economic Impacts on Households Pretoria, South Africa: Human  Sciences Research Council, 2005. 
http://www.wsu.ac.za/hsrc/html/ganyaza-twalo.pdf. 
11. Wabiri N, Taffa N. Socio-economic inequality and HIV in South Africa. BMC public health. 
2013;13(1):1-10. 
12. Mbirimtengerenji ND. Is HIV/AIDS epidemic outcome of poverty in sub-saharan Africa? Croat 
Med J. 2007;48(5):605-17. 
250 
 
13. Palacio-Mejia LS, Rangel-Gomez G, Hernandez-Avila M, Lazcano-Ponce E. Cervical cancer, a 
disease of poverty: mortality differences between urban and rural areas in Mexico. Salud Publica Mex. 
2003;45(3):S315-25. 
14. Singh GK, Azuine RE, Siahpush M. Global Inequalities in Cervical Cancer Incidence and 
Mortality are Linked to Deprivation, Low Socioeconomic Status, and Human Development. International 
Journal of MCH and AIDS. 2012;1(1):17-30. 
15. Freeman HP, Wingrove BK. Excess Cervical Cancer Mortality: A Marker for Low Access to 
Health Care in Poor Communities. Rockville, MD. : National Cancer Institute, Center to Reduce Cancer 
Health Disparities, May 2005. http://www.cancer.gov/about-nci/organization/crchd/about-health-
disparities/resources/excess-cervical-cancer-mortality.pdf (accessed Jun 10, 2014). 
16. Sherris J, Herdman C, Elias C. Cervical cancer in the developing world. West J Med. 
2001;175(4):231-3. 
17. Kawonga M, Fonn S. Achieving effective cervical screening coverage in South Africa through 
human resources and health systems development. Reprod Health Matters. 2008;16(32):32-40. 
18. Parkin DM. Screening for Cervical Cancer in Developing Countries. Cambridge: Cambridge 
University Press, 1991. 
19. Cronje HS. Screening for cervical cancer in developing countries. International journal of 
gynaecology and obstetrics: the official organ of the International Federation of Gynaecology and 
Obstetrics. 2004;84(2):101-8. 
20. Pillay P, Knight SE, Rmaih WNS. Cervical cancer screening in urban clinic in eThekwini 
municipal area. South Afr J Epidemiol Infect. 2009;24(2):18-20. 
21. Ginsburg OM. Breast and cervical cancer control in low and middle-income countries: Human 
rights meet sound health policy. Journal of Cancer Policy.1(3):e35-e41. 
22. Zaba B, Whitworth J, Marston M, Nakiyingi J, Ruberantwari A, Urassa M, et al. HIV and 
mortality of mothers and children: evidence from cohort studies in Uganda, Tanzania, and Malawi. 
Epidemiology. 2005;16(3):275-80. 
23. Lee MC. Knowledge, Barriers, and Motivators Related to Cervical Cancer Screening Among 
Korean-American Women: A FOCUS GROUP APPROACH. Cancer Nursing. 2000;23(3):168-75. 
PubMed PMID: 00002820-200006000-00003. 
24. Byrd TL, Chavez R, Wilson KM. Barriers and facilitators of cervical cancer screening among 
Hispanic women. Ethn Dis. 2007;17(1):129-34. 
25. Fylan F. Screening for cervical cancer: a review of women's attitudes, knowledge, and behaviour. 
Br J Gen Pract. 1998;48(433):1509-14. 
251 
 
26. Markovic M, Kesic V, Topic L, Matejic B. Barriers to cervical cancer screening: a qualitative 
study with women in Serbia. Soc Sci Med. 2005;61(12):2528-35. 
27. Ogedegbe G, Cassells AN, Robinson CM, DuHamel K, Tobin JN, Sox CH, et al. Perceptions of 
barriers and facilitators of cancer early detection among low-income minority women in community 
health centers. J Natl Med Assoc. 2005;97(2):162-70. 
28. Thomas VN, Saleem T, Abraham R. Barriers to effective uptake of cancer screening among 
Black and minority ethnic groups. Int J Palliat Nurs. 2005;11(11):564-71. 
29. Maree JE, Moitse KA. Exploration of knowledge of cervical cancer and cervical cancer screening 
amongst HIV-positive women. Curationis. 2014;37(1):1-7. 
30. Agurto I, Bishop A, Sanchez G, Betancourt Z, Robles S. Perceived barriers and benefits to 
cervical cancer screening in Latin America. Preventive medicine. 2004;39(1):91-8. 
31. Baldwin D. A model for describing low-income African American women's participation in 
breast and cervical cancer early detection and screening. ANS Adv Nurs Sci. 1996;19(2):27-42. 
32. Tung WC, Nguyen DHT, Tran DN. Applying the transtheoretical model to cervical cancer 
screening in Vietnamese-American women. International Nursing Review. 2008;55(1):73-80. 
33. De Abreu C, Horsfall H, Learmonth D. Adherence barriers and facilitators for cervical screening 
amongst currently disadvantaged women in the greater Cape Town region of South Africa. 2013. 
2013;5(1). 
34. Hislop TG, Clarke HF, Deschamps M, Joseph R, Band PR, Smith J, et al. Cervical cytology 
screening. How can we improve rates among First Nations women in urban British Columbia? Can Fam 
Physician. 1996;42:1701-8. 
35. Lyttle NL, Stadelman K. Assessing awareness and knowledge of breast and cervical cancer 
among Appalachian women. Prev Chronic Dis. 2006;3(4):15. 
36. Taylor VM, Yasui Y, Burke N, Nguyen T, Acorda E, Thai H, et al. Pap testing adherence among 
Vietnamese American women. Cancer epidemiology, biomarkers & prevention : a publication of the 
American Association for Cancer Research, cosponsored by the American Society of Preventive 
Oncology. 2004;13(4):613-9. 
37. Botha MH, Dochez C. Introducing human papillomavirus vaccines into the health system in 
South Africa. Vaccine. 2012;7(30):032. 
38. Burchell AN, Coutlee F, Tellier PP, Hanley J, Franco EL. Genital transmission of human 
papillomavirus in recently formed heterosexual couples. The Journal of infectious diseases. 
2011;204(11):1723-9. 
252 
 
39. van der Loeff MF, Nyitray AG, Giuliano AR. HPV vaccination to prevent HIV infection: time for 
randomized controlled trials. Sex Transm Dis. 2011;38(7):640-3. 
40. Auvert B, Lissouba P, Cutler E, Zarca K, Puren A, Taljaard D. Association of oncogenic and 
nononcogenic human papillomavirus with HIV incidence. J Acquir Immune Defic Syndr. 
2010;53(1):111-6. 
41. Belhadj H, Rasanathan JJ, Denny L, Broutet N. Sexual and reproductive health and HIV services: 
integrating HIV/AIDS and cervical cancer prevention and control. International journal of gynaecology 
and obstetrics: the official organ of the International Federation of Gynaecology and Obstetrics. 2013;121 
Suppl 1:S29-34. 
42. de Andrade AC, Luz PM, Velasque L, Veloso VG, Moreira RI, Russomano F, et al. Factors 
associated with colposcopy-histopathology confirmed cervical intraepithelial neoplasia among HIV-
infected women from Rio De Janeiro, Brazil. PloS one. 2011;6(3):e18297. 
43. Ng'andwe C, Lowe JJ, Richards PJ, Hause L, Wood C, Angeletti PC. The distribution of 
sexually-transmitted Human Papillomaviruses in HIV positive and negative patients in Zambia, Africa. 
BMC infectious diseases. 2007;7:77. 
44. Auvert B, Marais D, Lissouba P, Zarca K, Ramjee G, Williamson AL. High-risk human 
papillomavirus is associated with HIV acquisition among South African female sex workers. Infectious 
diseases in obstetrics and gynecology. 2011;2011:692012. 
45. Namujju PB, Waterboer T, Banura C, Muwonge R, Mbidde EK, Byaruhanga R, et al. Risk of 
seropositivity to multiple oncogenic human papillomavirus types among human immunodeficiency virus-
positive and -negative Ugandan women. The Journal of general virology. 2011;92(Pt 12):2776-83. 
46. De Vuyst H, Ndirangu G, Moodley M, Tenet V, Estambale B, Meijer CJ, et al. Prevalence of 
human papillomavirus in women with invasive cervical carcinoma by HIV status in Kenya and South 
Africa. International journal of cancer Journal international du cancer. 2012;131(4):949-55. 
47. Denny L, Boa R, Williamson AL, Allan B, Hardie D, Stan R, et al. Human papillomavirus 
infection and cervical disease in human immunodeficiency virus-1-infected women. Obstetrics and 
gynecology. 2008;111(6):1380-7. 
48. Beachler DC, Weber KM, Margolick JB, Strickler HD, Cranston RD, Burk RD, et al. Risk factors 
for oral HPV infection among a high prevalence population of HIV-positive and at-risk HIV-negative 
adults. Cancer epidemiology, biomarkers & prevention : a publication of the American Association for 
Cancer Research, cosponsored by the American Society of Preventive Oncology. 2012;21(1):122-33. 
49. Chirenje ZM, Rusakaniko S, Akino V, Munjoma M, Mlingo M. Effect of HIV Disease in 
Treatment Outcome of Cervical Squamous Intraepithelial Lesions Among Zimbabwean Women. J Low 
Genit Tract Dis. 2003;7(1):16-21. 
253 
 
50. Lima MI, Tafuri A, Araujo AC, de Miranda Lima L, Melo VH. Cervical intraepithelial neoplasia 
recurrence after conization in HIV-positive and HIV-negative women. International journal of 
gynaecology and obstetrics: the official organ of the International Federation of Gynaecology and 
Obstetrics. 2009;104(2):100-4. 
51. Omar T, Schwartz S, Hanrahan C, Modisenyane T, Tshabangu N, Golub JE, et al. Progression 
and regression of premalignant cervical lesions in HIV-infected women from Soweto: a prospective 
cohort. AIDS. 2011;25(1):87-94. 
52. Curry CL, Sage YH, Vragovic O, Stier EA. Minimally abnormal Pap testing and cervical 
histology in HIV-infected women. J Womens Health (Larchmt). 2012;21(1):87-91. 
53. Chaturvedi AK, Madeleine MM, Biggar RJ, Engels EA. Risk of human papillomavirus-
associated cancers among persons with AIDS. Journal of the National Cancer Institute. 
2009;101(16):1120-30. 
54. Bower M, Mazhar D, Stebbing J. Should cervical cancer be an acquired immunodeficiency 
syndrome-defining cancer? Journal of clinical oncology : official journal of the American Society of 
Clinical Oncology. 2006;24(16):2417-9. 
55. Denny LA, Franceschi S, de Sanjose S, Heard I, Moscicki AB, Palefsky J. Human 
papillomavirus, human immunodeficiency virus and immunosuppression. Vaccine. 2012;30 Suppl 
5:F168-74. 
56. Parisi SG, Cruciani M, Scaggiante R, Boldrin C, Andreis S, Dal Bello F, et al. Anal and oral 
human papillomavirus (HPV) infection in HIV-infected subjects in northern Italy: a longitudinal cohort 
study among men who have sex with men. BMC infectious diseases. 2011;11:150. 
57. Anastos K, Hoover DR, Burk RD, Cajigas A, Shi Q, Singh DK, et al. Risk factors for cervical 
precancer and cancer in HIV-infected, HPV-positive Rwandan women. PloS one. 2010;5(10):e13525. 
58. Palefsky J. Biology of HPV in HIV infection. Adv Dent Res. 2006;1:99-105. 
59. Adler DH. The impact of HAART on HPV-related cervical disease. Curr HIV Res. 
2010;8(7):493-7. 
60. Tobian AA, Grabowski MK, Kigozi G, Gravitt PE, Eaton KP, Serwadda D, et al. High-risk 
human papillomavirus prevalence is associated with HIV infection among heterosexual men in Rakai, 
Uganda. Sexually transmitted infections. 2013;89(2):122-7. 
61. Bosch FX, Tsu V, Vorsters A, Van Damme P, Kane MA. Reframing cervical cancer prevention. 
Expanding the field towards prevention of human papillomavirus infections and related diseases. Vaccine. 
2012;30 Suppl 5:F1-11. 
254 
 
62. Tobian AA, Kigozi G, Gravitt PE, Xiao C, Serwadda D, Eaton KP, et al. Human papillomavirus 
incidence and clearance among HIV-positive and HIV-negative men in sub-Saharan Africa. AIDS. 
2012;26(12):1555-65. 
63. Auvert BT, D. Lagarde, E. Sobngwi-Tambekou, J. Sitta, R. Puren, A. Randomized, Controlled 
Intervention Trial of Male Circumcision for Reduction of HIV Infection Risk: The ANRS 1265 Trial. 
PLoS medicine. 2005;2(11):e298. 
64. Bailey RC, Moses S, Parker CB, Agot K, Maclean I, Krieger JN, et al. Male circumcision for 
HIV prevention in young men in Kisumu, Kenya: a randomised controlled trial. Lancet. 
2007;369(9562):643-56. 
65. Gray RH, Kigozi G, Serwadda D, Makumbi F, Watya S, Nalugoda F, et al. Male circumcision for 
HIV prevention in men in Rakai, Uganda: a randomised trial. The Lancet. 2007;369(9562):657-66. 
66. Larke N, Thomas SL, Dos Santos Silva I, Weiss HA. Male circumcision and human 
papillomavirus infection in men: a systematic review and meta-analysis. The Journal of infectious 
diseases. 2011;204(9):1375-90. 
67. Morris BJ, Gray RH, Castellsague X, Bosch FX, Halperin DT, Waskett JH, et al. The Strong 
Protective Effect of Circumcision against Cancer of the Penis. Advances in urology. 2011;2011:812368. 
68. Wawer MJ, Tobian AA, Kigozi G, Kong X, Gravitt PE, Serwadda D, et al. Effect of circumcision 
of HIV-negative men on transmission of human papillomavirus to HIV-negative women: a randomised 
trial in Rakai, Uganda. Lancet. 2011;377(9761):209-18. 
69. Tobian AA, Kong X, Wawer MJ, Kigozi G, Gravitt PE, Serwadda D, et al. Circumcision of HIV-
infected men and transmission of human papillomavirus to female partners: analyses of data from a 
randomised trial in Rakai, Uganda. The Lancet infectious diseases. 2011;11(8):604-12. 
70. Schiffman M, Wacholder S. Success of HPV vaccination is now a matter of coverage. Lancet 
Oncol. 2012;13(1):10-2. 
71. Giuliano AR, van der Loeff MF, Nyitray AG. Circumcised HIV-infected men and HPV 
transmission. The Lancet infectious diseases. 2011;11(8):581-2. 
72. Anderson RM, Garnett GP. Low-efficacy HIV vaccines: potential for community-based 
intervention programmes. The Lancet. 1996;348(9033):1010-3. 
73. Tsu VD, Levin CE. Making the case for cervical cancer prevention: what about equity? Reprod 
Health Matters. 2008;16(32):104-12. 
74. Scaling up cancer diagnosis and treatment in developing countries: what can we learn from the 
HIV/AIDS epidemic? Annals of oncology : official journal of the European Society for Medical 
Oncology / ESMO. 2010;21(4):680-2. 
255 
 
75. Knaul FM, Frenk J, Shulman L. Global Task Force on Expanded Access to Cancer Care and 
Control in Developing Countries. Closing the Cancer Divide: A Blueprint to Expand Access in Low and 
Middle Income Countries. Boston, USA: Harvard Global Equity Initiative, 2011. 
http://gtfccc.harvard.edu/fs/docs/icb.topic1063570.files/ccd_report_111027.pdf (accessed Jul 21, 2016). 
76. Tsu VD, Cernuschi T, LaMontagne DS. Lessons Learned From HPV Vaccine Delivery in Low-
Resource Settings and Opportunities for HIV Prevention, Treatment, and Care Among Adolescents. 
JAIDS Journal of Acquired Immune Deficiency Syndromes. 2014;66:S209-S16. 
77. World Health Organisation. Guidance on provider-initiated HIV testing and counselling in health 
facilities Geneva, Switzerland: World Health Organisation, 2007. 
http://www.who.int/hiv/pub/guidelines/9789241595568_en.pdf (accessed Jul 21, 2016). 
78. Graham JE, Mishra A. Global challenges of implementing human papillomavirus vaccines. 
International Journal for Equity in Health. 2011;10:27. 
79. Harris TG, Burk RD, Palefsky JM, Massad LS, Bang JY, Anastos K, et al. Incidence of cervical 
squamous intraepithelial lesions associated with HIV serostatus, CD4 cell counts, and human 
papillomavirus test results. JAMA : the journal of the American Medical Association. 
2005;293(12):1471-6. 
80. Arbyn M, Kyrgiou M, Simoens C, Raifu AO, Koliopoulos G, Martin-Hirsch P, et al. Perinatal 
mortality and other severe adverse pregnancy outcomes associated with treatment of cervical 
intraepithelial neoplasia: meta-analysis. BMJ. 2008;337:a1284. 
81. Kessels SJ, Marshall HS, Watson M, Braunack-Mayer AJ, Reuzel R, Tooher RL. Factors 
associated with HPV vaccine uptake in teenage girls: a systematic review. Vaccine. 2012;30(24):3546-56. 
82. Kharbanda EO, Stockwell MS, Fox H, Ipp LS, Rickert VI. The role of human papillomavirus 
vaccination in promoting delivery of other preventive and medical services. Acad Pediatr. 
2011;11(4):326-32. 
83. Rupp R, Rosenthal SL, Middleman AB. Vaccination: an opportunity to enhance early adolescent 
preventative services. The Journal of adolescent health : official publication of the Society for Adolescent 
Medicine. 2006;39(4):461-4. 
84. MacPhail CV, E. Rees, H. Delany-Moretlwe, S. Using HPV vaccination for promotion of an 
adolescent package of care: opportunity and perspectives. BMC public health. 2013;13(493):1-11. 
85. Das R, Biswas K, Panda P, Khan ME, Homan R. Strengthening Financial Sustainability through 
Integration of Voluntary Counseling and Testing Services with Other Reproductive Health Services. New 
Delhi, India: Population Council, 2007. 
http://www.aidsdatahub.org/sites/default/files/documents/Strengthening_Financial_Sustainability_throug
h_Integration_2007.pdf.pdf (accessed Jul 21, 2016). 
256 
 
86. Liambila W, Kibaru J, Warren C, Gathitu M, Mullick S. Feasibility, acceptability, effect and cost 
of integrating counseling and testing for HIV within family planning services in Kenya. Washington 
D.C., USA: Population Council, Frontiers in Reproductive Health, 2008. 
http://www.popline.org/node/202200 (accessed Jul 21, 2016). 
87. Bekolo CE, O'Bryan G, Tchago FE, Nangue C, Bekoule PS, Kollo B. Integrating Cervical Cancer 
Screening with HIV Care in Cameroon: Comparative Risk Analysis of Cervical Disease in HIV-Infected 
Women Receiving Antiretroviral Therapy to Women in the General Population. PloS one. 
2016;11(2):e0149152. 
88. Watson-Jones D, Lees S, Mwanga J, Neke N, Changalucha J, Broutet N, et al. Feasibility and 
acceptability of delivering adolescent health interventions alongside HPV vaccination in Tanzania. Health 
Policy Plan. 2016;31(6):691-9. 
89. Chellini E, Gorini G, Carreras G, Giordano L, Anghinoni E, Iossa A, et al. The Pap smear 
screening as an occasion for smoking cessation and physical activity counselling: baseline characteristics 
of women involved in the SPRINT randomized controlled trial. BMC public health. 2011;11:906. 
90. Atun R, Bataringaya J. Building a durable response to HIV/AIDS: implications for health 
systems. J Acquir Immune Defic Syndr. 2011 Aug;57 Suppl 2:S91-5. 
91. Satterwhite CL, Torrone E, Meites E, Dunne EF, Mahajan R, Ocfemia MC, et al. Sexually 
transmitted infections among US women and men: prevalence and incidence estimates, 2008. Sex Transm 
Dis. 2013;40(3):187-93. 
92. Bruni L, Barriouevo-Rosas L, Albero G, Aldea M, Serrano B, Valencia S, et al. Human 
Papillomavirus and Related Diseases in South Africa. ICO Information Centre on HPV and Cancer (HPV 
Information Centre): 2015. http://www.hpvcentre.net/statistics/reports/ZAF.pdf (accessed April 06, 
2015). 
93. Ashton J, Dickson K, Pleaner M. Evolution of the national Adolescent-friendly Clinic Initiative in 
South Africa. Geneva, Switzerland: WHO, 2009. 
http://apps.who.int/iris/bitstream/10665/44154/1/9789241598361_eng.pdf (accessed Nov 06, 2011). 
94. Forhan SE, Gottlieb SL, Sternberg MR, Xu F, Datta SD, McQuillan GM, et al. Prevalence of 
sexually transmitted infections among female adolescents aged 14 to 19 in the United States. Pediatrics. 
2009;124(6):1505-12. 
95. Nkala B, Khunwane M, Dietrich J, Otwombe K, Sekoane I, Sonqishe B, et al. Kganya Motsha 
Adolescent Centre: a model for adolescent friendly HIV management and reproductive health for 
adolescents in Soweto, South Africa. AIDS care. 2015;27(6):697-702. eng. 
96. Atuyambe L, Mirembe F, Johansson A, Kirumira EK, Faxelid E. Experiences of pregnant 
adolescents--voices from Wakiso district, Uganda. Afr Health Sci. 2005;5(4):304-9. 
257 
 
97. Shisana O, Rehle T, Simbayi LC, Zuma K, Jooste S, Zungu N, et al. South African National HIV 
Prevalence, Incidence and Behaviour Survey, 2012. Cape Town, South Africa: HSRC Press, 2014. 
http://www.hsrc.ac.za/en/research-data/view/6871 (accessed Dec 08, 2014). 
98. Pettifor AE, Rees HV, Kleinschmidt I, Steffenson AE, MacPhail C, Hlongwa-Madikizela L, et al. 
Young people's sexual health in South Africa: HIV prevalence and sexual behaviors from a nationally 
representative household survey. AIDS. 2005;19(14):1525-34. 
99. Pettifor A, O'Brien K, MacPhail C, Miller WC, Rees H. Early Coital Debut and Associated Risk 
Factors Among Young Women and Men in South Africa. Int Perspect Sex Reprod Health. 2009;35(2):74-
82. 
100. Seekoe E. Reproductive health needs and the reproductive health behaviour of the youth in 
Mangaung in the Free State province: a feasibility study. Curationis. 2005;28(3):20-30. 
101. Ehlers VJ. Adolescent mothers' utilization of contraceptive services in South Africa. Int Nurs 
Rev. 2003;50(4):229-41. 
102. National Department of Social Development. National Adolescent Sexual and Reproductive 
Health and Rights Framework Strategy 2014 - 2019. Pretoria, South Africa: National Department of 
Social Development; 2015. 
http://www.dsd.gov.za/index2.php?option=com_docman&task=doc_view&gid=578&Itemid=39 
(accessed Oct 15, 2015). 
103. United Nations Population Fund. Programme of Action. Adopted at the International Conference 
on Population and Development, Cairo, 5-13 September 1994. UNFPA, 2004. 
https://www.unfpa.org/sites/default/files/event-pdf/PoA_en.pdf (accessed Sep 11, 2015). 
104. Jit M, Demarteau N, Elbasha E, Ginsberg G, Kim J, Praditsitthikorn N, et al. Human 
papillomavirus vaccine introduction in low-income and middle-income countries: guidance on the use of 
cost-effectiveness models. BMC medicine. 2011;9:54. 
105. Drummond MF, Sculpher MJ, Torrance GW. Methods for the economic evaluation of health care 
programmes. 3rd ed. London, United Kingdom: Oxford University Press; 2005. 
106. Stan R, Zaia JA. Practical considerations in gene therapy for HIV cure. Curr HIV/AIDS Rep. 
2014;11(1):11-9. 
107. Freedberg KA, Possas C, Deeks S, Ross AL, Rosettie KL, Di Mascio M, et al. The HIV Cure 
Research Agenda: The Role of Mathematical Modelling and Cost-Effectiveness Analysis. Journal of virus 
eradication. 2015;1(4):245-9. 
108. Hankins CA, de Zalduondo BO. Combination prevention: a deeper understanding of effective 
HIV prevention. AIDS. 2010;24(4). 
258 
 
109. Male circumcision for HIV prevention in high HIV prevalence settings: what can mathematical 
modelling contribute to informed decision making? PLoS medicine. 2009;6(9):e1000109. 
110. Hankins CA, Glasser JW, Chen RT. Modeling the impact of RV144-like vaccines on HIV 
transmission. Vaccine. 2011;29(36):6069-71. 
111. Massad E, Coutinho FAB, Burattini MN, Lopez LF, Struchiner CJ. Modeling the impact of 
imperfect HIV vaccines on the incidence of the infection. Mathematical and Computer Modelling. 
2001;34(3):345-51. 
112. Nowak MA, McLean AR. A mathematical model of vaccination against HIV to prevent the 
development of AIDS. Proceedings Biological sciences / The Royal Society. 1991;246(1316):141-6. 
113. McLean AR, Blower SM. Modelling HIV vaccination. Trends in microbiology. 1995;3(12):458-
62. 
114. International AIDS Vaccine Initiative. The Impact of an AIDS Vaccine in Developing Countries: 
A New Model and Preliminary Results, Policy Research Working Paper #8. New York, USA: 
International AIDS Vaccine Initiative, 2006. http://pdf.usaid.gov/pdf_docs/pnadh540.pdf (accessed Sep 
09, 2016). 
115. International AIDS Vaccine Initiative. The Potential Impact of an AIDS Vaccine in Low- and 
Middle-Income Countries, Policy Brief 29. New York, USA: International AIDS Vaccine Initiative, 2012. 
https://www.gov.uk/dfid-research-outputs/the-potential-impact-of-an-aids-vaccine-in-low-and-middle-
income-countries (accessed Sep 09, 2016). 
116. Fonseca MG, Forsythe S, Menezes A, Vuthoori S, Possas C, Veloso VG, et al. Modeling HIV 
vaccines in Brazil: assessing the impact of a future HIV vaccine on reducing new infections, mortality 
and number of people receiving ARV. PloS one. 2010;5(7):e11736. 
117. Anzala O, Mutua GN, Oyugi FJO, Mohamed BF, Achia T, Stover J. What impact would an 
HIV/AIDS vaccine have on the HIV/AIDS epidemic in Kenya? . Open Journal of Immunology 
2012;2(4):195-201. 
118. International AIDS Vaccine Initiative. Uganda: Estimating the Potential Impact of an AIDS 
Vaccine, Policy Brief 22. New York, USA: International AIDS Vaccine Initiative, 2009. 
https://www.iavi.org/publications/file/47-uganda-estimating-the-potential-impact-of-an-aids-vaccine 
(accessed Sep 09, 2016). 
119. Harmon T, Guo W, Stover J, Wu Z, Kaufman J, Schneider K, et al. The Potential Impact of 
Preventive HIV Vaccines in China: Results and Benefits of a Multi-Province Modeling Collaboration. 
Vaccines (Basel). 2015;3(1):1-19. 
120. Johnson LF, Dorrington RE. Assessment of HIV vaccine requirements and effects in South 
Africa. Cape Town, South Africa: SA AIDs vaccine Initiative Centre for Actuarial Research, 2006. 
259 
 
https://www.commerce.uct.ac.za/Research_Units/CARE/RESEARCH/PAPERS/SAvaccineAssessment5.
pdf (accessed Sep 09, 2016). 
121. Smith JA, Anderson SJ, Harris KL, McGillen JB, Lee E, Garnett GP, et al. Maximising HIV 
prevention by balancing the opportunities of today with the promises of tomorrow: a modelling study. 
The lancet HIV. 2016;3(7):e289-96. 
122. Elbasha EH, Dasbach EJ, Insinga RP. Model for assessing human papillomavirus vaccination 
strategies. Emerging infectious diseases. 2007;13(1):28-41. 
123. Barnabas RV, Laukkanen P, Koskela P, Kontula O, Lehtinen M, Garnett GP. Epidemiology of 
HPV 16 and cervical cancer in Finland and the potential impact of vaccination: mathematical modelling 
analyses. PLoS medicine. 2006;3(5):e138. 
124. French KM, Barnabas RV, Lehtinen M, Kontula O, Pukkala E, Dillner J, et al. Strategies for the 
introduction of human papillomavirus vaccination: modelling the optimum age- and sex-specific pattern 
of vaccination in Finland. British journal of cancer. 2007;96(3):514-8. 
125. Choi YH, Jit M, Gay N, Cox A, Garnett GP, Edmunds WJ. Transmission dynamic modelling of 
the impact of human papillomavirus vaccination in the United Kingdom. Vaccine. 2010;28(24):4091-102. 
126. Van de Velde N, Brisson M, Boily MC. Modeling human papillomavirus vaccine effectiveness: 
quantifying the impact of parameter uncertainty. American journal of epidemiology. 2007;165(7):762-75. 
127. Goldie SJ, Kim JJ, Kobus K, Goldhaber-Fiebert JD, Salomon J, O'Shea M K, et al. Cost-
effectiveness of HPV 16, 18 vaccination in Brazil. Vaccine. 2007;25(33):6257-70. 
128. Ginsberg GM, Edejer TT, Lauer JA, Sepulveda C. Screening, prevention and treatment of 
cervical cancer -- a global and regional generalized cost-effectiveness analysis. Vaccine. 
2009;27(43):6060-79. 
129. Praditsitthikorn N, Teerawattananon Y, Tantivess S, Limwattananon S, Riewpaiboon A, 
Chichareon S, et al. Economic evaluation of policy options for prevention and control of cervical cancer 
in Thailand. PharmacoEconomics. 2011;29(9):781-806. 
130. Sinanovic E, Moodley J, Barone MA, Mall S, Cleary S, Harries J. The potential cost-
effectiveness of adding a human papillomavirus vaccine to the cervical cancer screening programme in 
South Africa. Vaccine. 2009;27(44):6196-202. 
131. Anonychuk AM, Bauch CT, Merid MF, Van Kriekinge G, Demarteau N. A cost-utility analysis 
of cervical cancer vaccination in preadolescent Canadian females. BMC public health. 2009;9:401. 
132. Natunen K, Lehtinen TA, Torvinen S, Lehtinen M. Cost-Effectiveness of HPV-Vaccination in 
Medium or Low Income Countries with High Cervical Cancer Incidence ? A Systematic Review. J 
Vaccines Vaccin. 2013;4(1). 
260 
 
133. Ben-Zion Y, Cohen Y, Shnerb NM. Modeling epidemics dynamics on heterogenous networks. 
Journal of theoretical biology. 2010;264(2):197-204. 
134. Kohli M, Ferko N, Martin A, Franco EL, Jenkins D, Gallivan S, et al. Estimating the long-term 
impact of a prophylactic human papillomavirus 16/18 vaccine on the burden of cervical cancer in the UK. 
British journal of cancer. 2007;96(1):143-50. 
135. Curtiss R, 3rd. The impact of vaccines and vaccinations: Challenges and opportunities for 
modelers. Mathematical biosciences and engineering : MBE. 2011;8(1):77-93. 
136. Merl D, Johnson LR, Gramacy RB, Mangel M. A statistical framework for the adaptive 
management of epidemiological interventions. PloS one. 2009;4(6):e5807. 
137. Mukandavire Z, Gumel AB, Garira W, Tchuenche JM. Mathematical analysis of a model for 
HIV-malaria co-infection. Mathematical biosciences and engineering : MBE. 2009;6(2):333-62. 
138. Barley K, Murillo D, Roudenko S, Tameru AM, Tatum S. A Mathematical Model of HIV and 
Malaria Co-Infection in Sub-Saharan Africa. J AIDS Clinic Res. 2012;3(173). 
139. Nyabadza F, Bekele BT, Rua MA, Malonza DM, Chiduku N, Kgosimore M. The Implications of 
HIV Treatment on the HIV-Malaria Coinfection Dynamics: A Modeling Perspective. Biomed Res Int. 
2015;2015:659651. 
140. Slater HC, Gambhir M, Parham PE, Michael E. Modelling co-infection with malaria and 
lymphatic filariasis. PLoS computational biology. 2013;9(6):e1003096. 
141. Mutua JM, Wang FB, Vaidya NK. Modeling malaria and typhoid fever co-infection dynamics. 
Math Biosci. 2015;264:128-44. 
142. Roeger LI, Feng Z, Castillo-Chavez C. Modeling TB and HIV co-infections. Mathematical 
biosciences and engineering : MBE. 2009;6(4):815-37. 
143. Silva CJ, Torres DFM. A TB-HIV/AIDS coinfection model and optimal control treatment. 
Discrete Contin Dyn Syst. 2015;35(9):4639-63. 
144. Shah NH, Gupta J. Modelling of HIV-TB Co-infection Transmission Dynamics. American 
Journal of Epidemiology and Infectious Disease. 2014;2(1):1-7. 
145. Bolarin G, Omatola IU. A Mathematical Analysis of HIV/TB Co-Infection Model. Applied 
Mathematics. 2016;6(4):65-72. 
146. Bhunu CP, Mushayabasa S. Modelling the transmission dynamics of HIV/AIDS and hepatitis C 
virus co-infection. HIV & AIDS Review. 2013;12(2):37-42. 
261 
 
147. Li X, Stander MP, Van Kriekinge G, Demarteau N. Cost-effectiveness analysis of human 
papillomavirus vaccination in South Africa accounting for human immunodeficiency virus prevalence. 
BMC infectious diseases. 2015;15:566. 
148. Erwin S, Verma M, Abedi V. Mathematical models of HIV and HPV coinfection.  Biology and 
Medicine Through Mathematics Conference; Virginia Commonwealth University2016. 
http://scholarscompass.vcu.edu/bamm/2016/May21/56/ (accessed Sep 09, 2016). 
149. Klepp KI, Flisher AJ, Kaaya SF. Promoting Adolescent Sexual and Reproductive Health in East 
and Southern Africa. Nordiska Afrikainstitutet, Sweden: HSRC Press, 2008. http://nai.diva-
portal.org/smash/get/diva2:275838/FULLTEXT01.pdf (accessed April 07, 2011). 
150. Dickson-Tetteh K, Pettifor A, Moleko W. Working with public sector clinics to provide 
adolescent-friendly services in South Africa. Reprod Health Matters. 2001;9(17):160-9. 
151. Wood K, Jewkes R. Blood blockages and Scolding Nurses: Barriers to Adolescent Contraceptive 
Use in South Africa. Reprod Health Matters 2006;14(27):109-18. 
152. South African National AIDS Council. Progress Report on the National Strategic Plan for HIV, 
TB and STIs (2012 - 2016). Pretoria, South Africa: SANAC, 2014. 
http://sanacws.org.za/resources/progress-report-on-the-nsp-2012-2016/ (accessed Jul 19, 2015). 
153. National Departments of Health, National Department of Basic Education. Integrated School 
Health Policy. Pretoria,South Africa: National Department of Health, National Department of Basic 
Education; 2012. 
http://www.education.gov.za/LinkClick.aspx?fileticket=pj7cIv8qGMc%3D&tabid=390&mid=1125 
(accessed Sep 16, 2013). 
154. National Department of Health. Provincial Guidelines for the Implementation of the Three 
Streams of PHC Re-engineering. Pretoria, South Africa: National Department of Health. ; 2011 
http://www.cmt.org.za/wp-content/uploads/2011/09/GUIDELINES-FOR-THE-IMPLEMENTATION-
OF-THE-THREE-STREAMS-OF-PHC-4-Sept-2.pdf  (accessed Oct 6, 2011). 
155. Baker L. The South African Expanded Programme on Immunisation. Professional Nursing 
Today. 2010;14(4):19-22. 
156. Madhi SA, Bamford L, Ngcobo N. Effectiveness of pneumococcal conjugate vaccine and 
rotavirus vaccine introduction into the South African public immunisation programme. S Afr Med J. 
2014;104(3 Suppl 1):228-34. 
157. World Health Organization. The world health report 2000. Health systems: Improving 
performance. Geneva, Switzerland World Health Organization, 2000. http://www.who.int/whr/2000/en/ 
(accessed Jan 16, 2012). 
262 
 
158. World Health Organization. Everybody's business: strengthening health systems to improve 
health outcomes - WHO's framework for action. Geneva, Switzerland: World Health Organization, 2007. 
http://www.who.int/healthsystems/strategy/everybodys_business.pdf (accessed Jan 16, 2012). 
159. Cassels A. Health sector reform: key issues in less developed countries. J Int Dev. 1995;7(3):329-
47. 
160. World Health Organization. Declaration of Alma-Ata. International Conference on Primary 
Health Care. . USSR: World Health Organisation, 1978. 
http://www.who.int/publications/almaata_declaration_en.pdf (accessed Jan 16, 2012). 
161. Brand H. Good governance for the public's health. Eur J Public Health. 2007;17(6):541. 
162. Brown H. Community workers key to improving Africa's primary care. Lancet. 
2007;370(9593):1115-7. 
163. Senkubuge F, Modisenyane M, Bishaw T. Strengthening health systems by health sector reforms. 
Glob Health Action. 2014;7(23568). 
164. Goudge J, Gilson L, Russell S, Gumede T, Mills A. Affordability, availability and acceptability 
barriers to health care for the chronically ill: longitudinal case studies from South Africa. BMC health 
services research. 2009;9(75):1472-6963. 
165. Ensor T, Cooper S. Overcoming barriers to health service access: influencing the demand side. 
Health Policy Plan. 2004;19(2):69-79. 
166. International Monetary Fund. Data quality assessment framework (DQAF). Washington D.C., 
USA: International Monetary Fund, 2003. http://dsbb.imf.org/Applications/web/dqrs/dqrsdqaf/  (accessed 
Aug 16, 2016). 
167. World Health Organization. Towards universal access: scaling up priority HIV/AIDS 
interventions in the health sector: progress report 2008. Geneva, Switzerland. : 2008 
http://www.who.int/hiv/pub/2008progressreport/en/ (accessed Dec 15, 2015). 
168. Gwatkin DR. The need for equity-oriented health sector reforms. International journal of 
epidemiology. 2001;30(4):720-3. 
169. Moodley N, Gray G. Global evidence reaffirms the case for routine HPV and potential HIV 
adolescent vaccination in South Africa. Future Virology. 2014;9(2):207-20. 
170. Moodley N, Gray G, Bertram M. The Case for Adolescent HIV Vaccination in South Africa: A 
Cost-Effectiveness Analysis. Medicine. 2016;95(4):0000000000002528. 
263 
 
171. Moodley N, Gray G, Bertram M. Projected economic evaluation of the national implementation 
of a hypothetical HIV vaccination program among adolescents in South Africa, 2012. BMC public health. 
2016;16(1):1-13. 
172. Sawyer SM, Afifi RA, Bearinger LH, Blakemore SJ, Dick B, Ezeh AC, et al. Adolescence: a 
foundation for future health. Lancet. 2012;379:1630-40. 
173. Denno DM, Hoopes AJ, Chandra-Mouli V. Effective strategies to provide adolescent sexual and 
reproductive health services and to increase demand and community support. The Journal of adolescent 
health : official publication of the Society for Adolescent Medicine. 2015;56(1 Suppl):012. 
174. Anderson SJ, Cherutich P, Kilonzo N, Cremin I, Fecht D, Kimanga D, et al. Maximising the 
effect of combination HIV prevention through prioritisation of the people and places in greatest need: a 
modelling study. Lancet. 2014;384(9939):249-56. 
175. Barnabas RV, Celum C. Bending the curve: maximising impact with focused HIV prevention. 
Lancet. 2014;384(9939):216-7. 
176. Dellar RC, Dlamini S, Karim QA. Adolescent girls and young women: key populations for HIV 
epidemic control. Journal of the International AIDS Society. 2015;18(2 Suppl 1). 
177. Desilva MB, Skalicky A, Beard J, Cakwe M, Zhuwau T, Quinlan T, et al. Household dynamics 
and socioeconomic conditions in the context of incident adolescent orphaning in KwaZulu-Natal, South 
Africa. Vulnerable Child Youth Stud. 2013;8(4):748237. 
178. Atmore E, van Niekerk L-J, Ashley-Cooper M. Challenges facing the early childhood 
development sector in South Africa. South African Journal of Childhood Education. 2012;2(1):120-39. 
179. Victora CG, Adair L, Fall C, Hallal PC, Martorell R, Richter L, et al. Maternal and child 
undernutrition: consequences for adult health and human capital. Lancet. 2008;371(9609):340-57. 
180. Jamieson L, Bray R, Viviers A, Lake L, Pendlebury S, Smith C. South African Child Gauge 
2010/2011. Cape Town, South Africa: Children's Institute, University of Cape Town, 2011. 
http://www.ci.org.za/index.php?option=com_content&view=article&id=868&Itemid=224 (accessed Dec 
07, 2015). 
181. Cheng Y, Li X, Lou C, Sonenstein FL, Kalamar A, Jejeebhoy S, et al. The association between 
social support and mental health among vulnerable adolescents in five cities: findings from the study of 
the well-being of adolescents in vulnerable environments. The Journal of adolescent health : official 
publication of the Society for Adolescent Medicine. 2014;55(6 Suppl):19. 
182. van Rooyen M, Naude L, Nel L, Esterhuyse K. The role of cognitive style in the stress and coping 
of black South African adolescents. J Ment Health. 2014;23(6):340-6. 
183. Mosavel M, Ahmed R, Ports KA, Simon C. South African, urban youth narratives: Resilience 
within community. Int J Adolesc Youth. 2015;20(2):245-55. 
264 
 
184. Otwombe KN, Dietrich J, Sikkema KJ, Coetzee J, Hopkins KL, Laher F, et al. Exposure to and 
experiences of violence among adolescents in lower socio-economic groups in Johannesburg, South 
Africa. BMC public health. 2015;15(450):015-1780. 
185. UNICEF. United Nations Children's Fund. An essential package of school-based interventions in 
Southern Africa: regional strategy for country action. New York, USA: UNICEF, 2005. 
http://www.unicef.org/southafrica/SAF_resources_essential.pdf (accessed Dec 07, 2015). 
186. du Plessis B, Kaminer D, Hardy A, Benjamin A. The contribution of different forms of violence 
exposure to internalizing and externalizing symptoms among young South African adolescents. Child 
Abuse Negl. 2015;45:80-9. 
187. Atwoli L, Platt J, Williams DR, Stein DJ, Koenen KC. Association between witnessing traumatic 
events and psychopathology in the South African Stress and Health Study. Soc Psychiatry Psychiatr 
Epidemiol. 2015;50(8):1235-42. 
188. Delany-Moretlwe S, Cowan FM, Busza J, Bolton-Moore C, Kelley K, Fairlie L. Providing 
comprehensive health services for young key populations: needs, barriers and gaps. Journal of the 
International AIDS Society. 2015;18(2(Suppl 1)). 
189. Casey B, Jones RM, Levita L, Libby V, Pattwell S, Ruberry E, et al. The Storm and Stress of 
Adolescence: Insights from Human Imaging and Mouse Genetics. Dev Psychobiol. 2010;52(3):225-35. 
190. Awotidebe A, Phillips J, Lens W. Factors contributing to the risk of HIV infection in rural 
school-going adolescents. Int J Environ Res Public Health. 2014;11(11):11805-21. 
191. Hill LM, Maman S, Groves AK, Moodley D. Social support among HIV-positive and HIV-
negative adolescents in Umlazi, South Africa: changes in family and partner relationships during 
pregnancy and the postpartum period. BMC Pregnancy Childbirth. 2015;15(117):015-0542. 
192. Christofides NJ, Jewkes RK, Dunkle KL, McCarty F, Jama Shai N, Nduna M, et al. Risk factors 
for unplanned and unwanted teenage pregnancies occurring over two years of follow-up among a cohort 
of young South African women. Glob Health Action. 2014;7(23719). 
193. Meinck F, Cluver LD, Boyes ME. Longitudinal Predictors of Child Sexual Abuse in a Large 
Community-Based Sample of South African Youth. J Interpers Violence. 2015;29:0886260515596331. 
194. Ardington C, Menendez A, Mutevedzi T. Early childbearing, human capital attainment and 
mortality risk: Evidence from a longitudinal demographic surveillance area in rural-KwaZulu-Natal, 
South Africa. Econ Dev Cult Change. 2015;63(2):281-317. 
195. Toska E, Cluver LD, Boyes M, Pantelic M, Kuo C. From 'sugar daddies' to 'sugar babies': 
exploring a pathway among age-disparate sexual relationships, condom use and adolescent pregnancy in 
South Africa. Sex Health. 2015;23(10). 
265 
 
196. Chauke TM, van der Heever H, Hoque ME. Alcohol use amongst learners in rural high school in 
South Africa. Afr J Prim Health Care Fam Med. 2015;7(1):755. 
197. Rosenberg M, Pettifor A, Van Rie A, Thirumurthy H, Emch M, Miller WC, et al. The 
Relationship between Alcohol Outlets, HIV Risk Behavior, and HSV-2 Infection among South African 
Young Women: A Cross-Sectional Study. PloS one. 2015;10(5). 
198. Kaufman ZA, Braunschweig EN, Feeney J, Dringus S, Weiss H, Delany-Moretlwe S, et al. 
Sexual risk behavior, alcohol use, and social media use among secondary school students in informal 
settlements in Cape Town and Port Elizabeth, South Africa. AIDS and behavior. 2014;18(9):1661-74. 
199. Weich L, Perkel C, van Zyl N, Rataemane, Naidoo L. South African guidelines for the 
management of opioid dependence: updated 2009. S Afr Med J. 2010;100(1):1-18. 
200. van Heerden MS, Grimsrud AT, Seedat S, Myer L, Williams DR, Stein DJ. Patterns of substance 
use in South Africa: results from the South African Stress and Health study. S Afr Med J. 2009;99(5 Pt 
2):358-66. 
201. Saban A, Flisher A, Laubscher R, London L, Morojele N. The association between 
psychopathology and substance use: adolescent and young adult substance users in inpatient treatment in 
Cape Town, South Africa. Pan Afr Med J. 2014;1(8). 
202. Shilubane HN, Ruiter RA, van den Borne B, Sewpaul R, James S, Reddy PS. Suicide and related 
health risk behaviours among school learners in South Africa: results from the 2002 and 2008 national 
youth risk behaviour surveys. BMC public health. 2013;13(926):1471-2458. 
203. Spaull N. South Africa's Education Crisis: The quality of education in South Africa 1994 - 2011. 
Johannesburg, South Africa: Centre for Development and Enterprise, 2013. 
http://www.section27.org.za/wp-content/uploads/2013/10/Spaull-2013-CDE-report-South-Africas-
Education-Crisis.pdf (accessed Dec 07, 2015). 
204. De Wet N. Parent absenteeism and adolescent work in South Africa: An analysis of the levels and 
determinants of adolescents who work 10 hours or more a week. African Population Studies. 
2013;27(1):70-8. 
205. Mji A, Makgato M. Factors associated with high school learners' poor performance: a spotlight 
on mathematics and physical science. South African Journal of Education. 2006;26(2):253-66. 
206. Modisaotsile BM. The Failing Standard of Basic Education in South Africa. Policy Brief No. 72. 
Pretoria, South Africa: Africa Institute of South Africa, 2012. http://www.ai.org.za/wp-
content/uploads/downloads/2012/03/No.-72.The-Failing-Standard-of-Basic-Education-in-South-
Africa1.pdf (accessed Dec 07, 2015). 
 
266 
 
207. Reddy V, Prinsloo CH, Netshitangani T, Moletsane R, Juan A, Janse van Rensburg D. An 
investigation into educator leave in the South African ordinary public schooling system. Pretoria, South 
Africa: HSRC Press, 2010. 
http://www.hsrc.ac.za/uploads/pageContent/593/AnInvestigationintoEducatorLeavedec2010.pdf 
(accessed Dec 07, 2015). 
208. Panday S, Makiwane M, Ranchod C, Letsoalo T. Teenage pregnancy in South Africa - with a 
specific focus on school-going learners. Pretoria, South Africa: Department of Basic Education, HSRC 
Press, UNICEF, 2009. 
http://www.education.gov.za/LinkClick.aspx?fileticket=PuNNo1FbrSA%3D&tabid=454&mid=424 
(accessed Dec 07, 2015). 
209. United Nations Children's Emergency Fund. EDUCATION AND ADOLESCENT 
DEVELOPMENT: Girls & boys education movement. New York, USA: UNICEF South Africa, 
http://www.unicef.org/southafrica/education_4718.htm (accessed Aug 24, 2016). 
210. National Department of Basic Education. I am my sister's & brother's keeper. Girls & Boys 
Education Movement Clubs. A Guidebook for Schools. Pretoria, South Africa: United Nations Children's 
Fund, 2008. http://www.unicef.org/southafrica/SAF_resources_gemguide.pdf (accessed Dec 07, 2015). 
211. Fritz K, Morojele N, Kalichman S. Alcohol: the forgotten drug in HIV/AIDS. Lancet. 
2010;376(9739):398-400. 
212. Naidoo P, Chirinda W, McHunu G, Swartz S, Anderson J. Social and structural factors associated 
with vulnerability to HIV infection among young adults in South Africa. Psychol Health Med. 
2015;20(3):369-79. 
213. Dietrich J, Sikkema K, Otwombe KN, Sanchez A, Nkala B, de Bruyn G, et al. Multiple levels of 
influence in predicting sexual activity and condom use among adolescents in Soweto, Johannesburg, 
South Africa. J HIV AIDS Soc Serv. 2013;12(3-4):404-23. 
214. Mimiaga MJ, Closson EF, Safren SA, Mabude Z, Mosery N, Taylor SW, et al. Inkwari: an 
emerging high-risk place potentiating hiv spread among young adults in a hyper-endemic South African 
setting. Arch Sex Behav. 2015;44(2):307-15. 
215. Richter L, Mabaso M, Ramjith J, Norris SA. Early sexual debut: Voluntary or coerced? Evidence 
from longitudinal data in South Africa--the Birth to Twenty Plus study. S Afr Med J. 2015;105(4):304-7. 
216. O'Leary A, Jemmott JB, 3rd, Jemmott LS, Teitelman A, Heeren GA, Ngwane Z, et al. 
Associations between psychosocial factors and incidence of sexually transmitted disease among South 
African adolescents. Sex Transm Dis. 2015 Mar;42(3):135-9. PubMed PMID: 25668645. Pubmed Central 
PMCID: PMC4351752. Epub 2015/02/11. eng. 
217. De Koker P, Mathews C, Zuch M, Bastien S, Mason-Jones AJ. A systematic review of 
interventions for preventing adolescent intimate partner violence. The Journal of adolescent health : 
official publication of the Society for Adolescent Medicine. 2014;54(1):3-13. 
267 
 
218. Decker MR, Peitzmeier S, Olumide A, Acharya R, Ojengbede O, Covarrubias L, et al. Prevalence 
and Health Impact of Intimate Partner Violence and Non-partner Sexual Violence Among Female 
Adolescents Aged 15-19 Years in Vulnerable Urban Environments: A Multi-Country Study. The Journal 
of adolescent health : official publication of the Society for Adolescent Medicine. 2014;55(6 Suppl):19. 
219. Christofides NJ, Jewkes RK, Dunkle KL, McCarty FA, Shai NJ, Nduna M, et al. Perpetration of 
physical and sexual abuse and subsequent fathering of pregnancies among a cohort of young South 
African men: a longitudinal study. BMC public health. 2014;14(947):1471-2458. 
220. Boafo IM, Dagbanu EA, Asante KO. Dating violence and self-efficacy for delayed sex among 
adolescents in Cape Town, South Africa. Afr J Reprod Health. 2014;18(2):46-57. 
221. De Vries H, Eggers SM, Jinabhai C, Meyer-Weitz A, Sathiparsad R, Taylor M. Adolescents' 
beliefs about forced sex in KwaZulu-Natal, South Africa. Arch Sex Behav. 2014;43(6):1087-95. 
222. van der Heijden I, Swartz S. 'Something for something': the importance of talking about 
transactional sex with youth in South Africa using a resilience-based approach. Afr J AIDS Res. 
2014;13(1):53-63. 
223. Horwood C, Butler LM, Haskins L, Phakathi S, Rollins N. HIV-infected adolescent mothers and 
their infants: low coverage of HIV services and high risk of HIV transmission in KwaZulu-Natal, South 
Africa. PloS one. 2013;8(9). 
224. Zembe YZ, Townsend L, Thorson A, Ekstrom AM. "Money talks, bullshit walks" interrogating 
notions of consumption and survival sex among young women engaging in transactional sex in post-
apartheid South Africa: a qualitative enquiry. Global Health. 2013;9(28):1744-8603. 
225. Leclerc-Madlala S. Sugar daddies and HIV: is it really about money, money, money? HSRC 
Review. 2008;6(3):11-2. 
226. van Dijk D, van Driel F. Supporting Child-Headed Households in South Africa: Whose Best 
Interests? Journal of Southern African Studies. 2009 2009/12/01;35(4):915-27. 
227. National Department of Social Development. A situational analysis of child-headed-households 
in South Africa. Pretoria, South Africa: National Department of Social Development; 2008. 
http://www.dsd.gov.za/Nacca1/index2.php?option=com_docman&task=doc_view&gid=213&Itemid=39 
(accessed Dec 07, 2015). 
228. Donald D, Clacherty G. Developmental vulnerabilities and strengths of children living in child-
headed households: a comparison with children in adult-headed households in equivalent impoverished 
communities. Afr J AIDS Res. 2005;4(1):21-8. 
229. Meintjes H, Hall K, Marera DH, Boulle A. Orphans of the AIDS epidemic? The extent, nature 
and circumstances of child-headed households in South Africa. AIDS care. 2010;22(1):40-9. 
268 
 
230. Mturi AK. Child-headed households in South Africa: What we know and what we don't. 
Development Southern Africa. 2012;29(3):506-16. 
231. Maqoko Z, Dreyer Y. Child-headed households because of the trauma surrounding HIV/AIDS. 
Theological Studies 2007;63(2):717-31. 
232. Ayieko MA. From single parents to child-headed households: the case of children orphaned by 
AIDS in Kisumu and Siaya Districts. New York, USA: United Nations Development Programme, 2003. 
http://www.who.int/nutrition/publications/foodsecurity/ayieko_undp_hivanddevelopmentprogramme_stu
dypaper7.pdf (accessed Dec 07, 2015). 
233. Otwombe K, Dietrich J, Laher F, Hornschuh S, Nkala B, Chimoyi L, et al. Health-seeking 
behaviours by gender among adolescents in Soweto, South Africa. Glob Health Action. 2015;8(25670). 
234. South African National Government. National Youth Policy 2009 - 2014. Pretoria, South Africa: 
South African National Government; 2009. 
http://www.thepresidency.gov.za/MediaLib/Downloads/Home/Publications/YouthPublications/NationalY
outhPolicyPDF/NYP.pdf (accessed Dec 07, 2015). 
235. Hainsworth G, Engel DM, Simon C, Rahimtoola M, Ghiron LJ. Scale-up of adolescent 
contraceptive services: lessons from a 5-country comparative analysis. J Acquir Immune Defic Syndr. 
2014;1(66):0000000000000180. 
236. Hoopes AJ, Chandra-Mouli V, Steyn P, Shilubane T, Pleaner M. An Analysis of Adolescent 
Content in South Africa's Contraception Policy Using a Human Rights Framework. The Journal of 
adolescent health : official publication of the Society for Adolescent Medicine. 2015;57(6):617-23. 
237. Richter MS, Mfolo V. The perception of South African adolescents regarding primary health care 
services. ScientificWorldJournal. 2006;6:737-44. 
238. Geary RS, Gomez-Olive FX, Kahn K, Tollman S, Norris SA. Barriers to and facilitators of the 
provision of a youth-friendly health services programme in rural South Africa. BMC health services 
research. 2014;14(259):1472-6963. 
239. Forman D, de Martel C, Lacey CJ, Soerjomataram I, Lortet-Tieulent J, Bruni L, et al. Global 
burden of human papillomavirus and related diseases. Vaccine. 2012;30 Suppl 5:F12-23. 
240. Kane MA, Serrano B, de Sanjose S, Wittet S. Implementation of human papillomavirus 
immunization in the developing world. Vaccine. 2012;30 Suppl 5:F192-200. 
241. Markowitz LE, Tsu V, Deeks SL, Cubie H, Wang SA, Vicari AS, et al. Human papillomavirus 
vaccine introduction--the first five years. Vaccine. 2012;20(30):039. 
242. Oluwole D, Kraemer J. Innovative public–private partnership: a diagonal approach to combating 
women’s cancers in Africa. Bulletin of the World Health Organization. 2013;91(9):691-6. 
269 
 
243. Bello FA, Enabor OO, Adewole IF. Human Papilloma Virus Vaccination for Control of Cervical 
Cancer: A Challenge for Developing Countries. Afr J Reprod Health. 2011;15(1):25-30. 
244. Coleman MA, Levison J, Sangi-Haghpeykar H. HPV vaccine acceptability in Ghana, West 
Africa. Vaccine. 2011;29(23):3945-50. 
245. DiAngi YT, Panozzo CA, Ramogola-Masire D, Steenhoff AP, Brewer NT. A cross-sectional 
study of HPV vaccine acceptability in Gaborone, Botswana. PloS one. 2011;6(10):e25481. 
246. National Department of Health. National Guideline for Cervical Cancer Screening Programme. 
Pretoria, South Africa: National Department of Health; 2000. 
http://www.kznhealth.gov.za/cervicalcancer.pdf (accessed Mar 15, 2015). 
247. National Department of Health. The South African Antiretroviral Treatment Guidelines 2013. 
Pretoria, South Africa: National Department of Health; 2013. 
http://www.sahivsoc.org/upload/documents/2013%20ART%20Guidelines-
Short%20Combined%20FINAL%20draft%20guidelines%2014%20March%202013.pdf (accessed Apr 
06, 2014). 
248. Denny L. Cervical cancer prevention: new opportunities for primary and secondary prevention in 
the 21st century. International journal of gynaecology and obstetrics: the official organ of the 
International Federation of Gynaecology and Obstetrics. 2012;119 Suppl 1:S80-4. 
249. Denny L, Quinn M, Sankaranarayanan R. Chapter 8: Screening for cervical cancer in developing 
countries. Vaccine. 2006;31(24):71-7. 
250. Knegt Y. Audit of cervical cancer screening and colposcopy attendance in rural South Africa. Afr 
J Reprod Health. 2014;18(4):70-8. 
251. Broker TR. Global prevention and management of human papillomavirus related diseases: the 
pressing challenges and the compelling opportunities. Foreword. Vaccine. 2012;30 Suppl 5:vii-x. 
252. Schiller JT, Castellsague X, Garland SM. A review of clinical trials of human papillomavirus 
prophylactic vaccines. Vaccine. 2012;30 Suppl 5:F123-38. 
253. Canfell K, Chesson H, Kulasingam SL, Berkhof J, Diaz M, Kim JJ. Modeling preventative 
strategies against human papillomavirus-related disease in developed countries. Vaccine. 2012;30 Suppl 
5:F157-67. 
254. Harries J, Moodley J, Barone MA, Mall S, Sinanovic E. Preparing for HPV vaccination in South 
Africa: key challenges and opinions. Vaccine. 2009;27(1):38-44. 
255. Johnson AM, Mercer CH, Beddows S, de Silva N, Desai S, Howell-Jones R, et al. Epidemiology 
of, and behavioural risk factors for, sexually transmitted human papillomavirus infection in men and 
women in Britain. Sexually transmitted infections. 2012;88(3):212-7. 
270 
 
256. Moscicki AB, Schiffman M, Burchell A, Albero G, Giuliano AR, Goodman MT, et al. Updating 
the natural history of human papillomavirus and anogenital cancers. Vaccine. 2012;30 Suppl 5:F24-33. 
257. Ki EY, Park JS. Natural History of Human Papillomavirus Infection. Current Obstetrics and 
Gynecology Reports. 2014;3(2):123-7. 
258. Theiler RN, Farr SL, Karon JM, Paramsothy P, Viscidi R, Duerr A, et al. High-risk human 
papillomavirus reactivation in human immunodeficiency virus-infected women: risk factors for cervical 
viral shedding. Obstetrics and gynecology. 2010 Jun;115(6):1150-8. PubMed PMID: 20502284. Epub 
2010/05/27. eng. 
259. Cox JT, Schiffman M, Solomon D. Prospective follow-up suggests similar risk of subsequent 
cervical intraepithelial neoplasia grade 2 or 3 among women with cervical intraepithelial neoplasia grade 
1 or negative colposcopy and directed biopsy. American journal of obstetrics and gynecology. 
2003;188(6):1406-12. 
260. Nasiell K, Nasiell M, Vaclavinkova V. Behavior of moderate cervical dysplasia during long-term 
follow-up. Obstetrics and gynecology. 1983;61(5):609-14. 
261. Syrjanen K, Kataja V, Yliskoski M, Chang F, Syrjanen S, Saarikoski S. Natural history of 
cervical human papillomavirus lesions does not substantiate the biologic relevance of the Bethesda 
System. Obstetrics and gynecology. 1992;79(5):675-82. 
262. Moscicki AB, Shiboski S, Hills NK, Powell KJ, Jay N, Hanson EN, et al. Regression of low-
grade squamous intra-epithelial lesions in young women. Lancet. 2004;364(9446):1678-83. 
263. Moscicki AB, Ma Y, Wibbelsman C, Darragh TM, Powers A, Farhat S, et al. Rate of and risks 
for regression of cervical intraepithelial neoplasia 2 in adolescents and young women. Obstetrics and 
gynecology. 2010;116(6):1373-80. 
264. Castle PE, Schiffman M, Wheeler CM, Solomon D. Evidence for frequent regression of cervical 
intraepithelial neoplasia-grade 2. Obstetrics and gynecology. 2009;113(1):18-25. 
265. Insinga RP, Dasbach EJ, Elbasha EH. Epidemiologic natural history and clinical management of 
Human Papillomavirus (HPV) Disease: a critical and systematic review of the literature in the 
development of an HPV dynamic transmission model. BMC infectious diseases. 2009;9(119):1471-2334. 
266. Goldie SJ, Kohli M, Grima D, Weinstein MC, Wright TC, Bosch FX, et al. Projected Clinical 
Benefits and Cost-effectiveness of a Human Papillomavirus 16/18 Vaccine. JNCI Journal of the National 
Cancer Institute. 2004;96(8):604-15. 
267. Sun XW, Kuhn L, Ellerbrock TV, Chiasson MA, Bush TJ, Wright TC, Jr. Human papillomavirus 
infection in women infected with the human immunodeficiency virus. N Engl J Med. 1997;337(19):1343-
9. 
271 
 
268. Adler DH, Kakinami L, Modisenyane T, Tshabangu N, Mohapi L, De Bruyn G, et al. Increased 
regression and decreased incidence of human papillomavirus-related cervical lesions among HIV-infected 
women on HAART. AIDS. 2012;26(13):1645-52. 
269. Massad LS, Ahdieh L, Benning L, Minkoff H, Greenblatt RM, Watts H, et al. Evolution of 
cervical abnormalities among women with HIV-1: evidence from surveillance cytology in the women's 
interagency HIV study. J Acquir Immune Defic Syndr. 2001;27(5):432-42. 
270. Solomon D, Davey D, Kurman R, Moriarty A, O'Connor D, Prey M, et al. The 2001 Bethesda 
System: terminology for reporting results of cervical cytology. JAMA : the journal of the American 
Medical Association. 2002;287(16):2114-9. 
271. Goldie SJ, Kuhn L, Denny L, Pollack A, Wright TC. Policy analysis of cervical cancer screening 
strategies in low-resource settings: clinical benefits and cost-effectiveness. JAMA : the journal of the 
American Medical Association. 2001;285(24):3107-15. 
272. Wright TC, Jr., Schiffman M. Adding a test for human papillomavirus DNA to cervical-cancer 
screening. N Engl J Med. 2003;348(6):489-90. 
273. Giuliano AR, Palefsky J, Goldstone S, Moreira ED, Penny ME, C. A, et al. Efficacy of 
Quadrivalent HPV Vaccine against HPV Infection and Disease in Males. N Engl J Med. 2011 
21/11/2012;364(5):401-11. 
274. Lehtinen M, Paavonen J, Wheeler CM, Jaisamrarn U, Garland SM, Castellsague X, et al. Overall 
efficacy of HPV-16/18 AS04-adjuvanted vaccine against grade 3 or greater cervical intraepithelial 
neoplasia: 4-year end-of-study analysis of the randomised, double-blind PATRICIA trial. Lancet Oncol. 
2012;13(1):89-99. 
275. Banura CM, F.M. Orem, J. Mbonye, A.K. Kasasa, S. Mbidde, E.K. Prevalence, incidence and 
risk factors for anogenital warts in Sub Saharan Africa: a systematic review and meta analysis. Infect 
Agent Cancer. 2013;8(27):1-10. 
276. Niccolai LM, Julian PJ, Meek JI, McBride V, Hadler JL, Sosa LE. Declining rates of high-grade 
cervical lesions in young women in Connecticut, 2008-2011. Cancer epidemiology, biomarkers & 
prevention : a publication of the American Association for Cancer Research, cosponsored by the 
American Society of Preventive Oncology. 2013;22(8):1446-50. 
277. Brotherton JML, Fridman M, May CL, Chappell G, Saville AM, Gertig DM. Early effect of the 
HPV vaccination programme on cervical abnormalities in Victoria, Australia: an ecological study. The 
Lancet. 2011;377(9783):2085-92. 
278. Joura EA, Garland SM, Paavonen J, Ferris DG, Perez G, Ault KA, et al. Effect of the human 
papillomavirus (HPV) quadrivalent vaccine in a subgroup of women with cervical and vulvar disease: 
retrospective pooled analysis of trial data. BMJ. 2012;344:e1401. 
272 
 
279. Panatto D, Amicizia D, Trucchi C, Casabona F, Lai PL, Bonanni P, et al. Sexual behaviour and 
risk factors for the acquisition of human papillomavirus infections in young people in Italy: suggestions 
for future vaccination policies. BMC public health. 2012;12(1):623. 
280. de Lima Rocha MG, Faria FL, Goncalves L, Souza M, Fernandes PA, Fernandes AP. Prevalence 
of DNA-HPV in Male Sexual Partners of HPV-Infected Women and Concordance of Viral Types in 
Infected Couples. PloS one. 2012;7(7):e40988  
281. Massey PD, Durrheim DN. Universal human papillomavirus vaccination of Australian boys - 
neither cost-effective nor equitable: Med J Aust. 2012 Apr 16;196(7):446. 
282. Chesson HW, Ekwueme DU, Saraiya M, Dunne EF, Markowitz LE. The cost-effectiveness of 
male HPV vaccination in the United States. Vaccine. 2011;29(46):8443-50. 
283. Kulasingam S, Connelly L, Conway E, Hocking JS, Myers E, Regan DG, et al. A cost-
effectiveness analysis of adding a human papillomavirus vaccine to the Australian National Cervical 
Cancer Screening Program. Sex Health. 2007;4(3):165-75. 
284. Brisson M, van de Velde N, Franco EL, Drolet M, Boily MC. Incremental impact of adding boys 
to current human papillomavirus vaccination programs: role of herd immunity. The Journal of infectious 
diseases. 2011;204(3):372-6. 
285. Beyrer C, Abdool Karim Q. The changing epidemiology of HIV in 2013. Current opinion in HIV 
and AIDS. 2013;8(4):306-10. 
286. Joint United Nations Programme on HIV/AIDS. Global Report: UNAIDS Report on the Global 
AIDS Epidemic. Geneva, Switzerland: UNAIDS, 2012. 
http://www.unaids.org/sites/default/files/media_asset/20121120_UNAIDS_Global_Report_2012_with_an
nexes_en_1.pdf (accessed Aug 27, 2013). 
287. Joint United Nations Programme on HIV/AIDS. UNAIDS report on the global AIDS epidemic 
2010. Geneva, Switzerland: UNAIDS, 2010. 
http://www.unaids.org/sites/default/files/en/media/unaids/contentassets/documents/unaidspublication/200
4/GAR2004_en.pdf (accessed Nov 1, 2011). 
288. de Bruyn G, Skhosana N, Robertson G, McIntyre JA, Gray GE. Knowledge and attitudes towards 
HIV vaccines among Soweto adolescents. BMC research notes. 2008;1:76. 
289. Rosenberg NE, Westreich D, Barnighausen T, Miller WC, Behets F, Maman S, et al. Assessing 
the effect of HIV counselling and testing on HIV acquisition among South African youth. AIDS. 2013 Jul 
24. PubMed PMID: 23887069. Epub 2013/07/28. Eng. 
290. Gant L, Heath KM, Ejikeme GG. Early motherhood, high mortality, and HIV/AIDS rates in Sub-
Saharan Africa. Social work in public health. 2009;24(1-2):39-46. 
273 
 
291. MacPhail C, Pettifor A, Moyo W, Rees H. Factors associated with HIV testing among sexually 
active South African youth aged 15-24 years. AIDS care. 2009 Apr;21(4):456-67. PubMed PMID: 
19401866. Epub 2009/04/30. eng. 
292. Naughton J, Hughes H, Wilkinson L, Boyles T. HIV counselling and testing in South African 
schools. The Lancet. 2011;377(9779):1748. 
293. National Department of Health. National Service Delivery Agreement. Pretoria, South Africa: 
National Department of Health; 2010. 
http://www.thepresidency.gov.za/MediaLib/Downloads/Home/Ministries/DepartmentofPerformanceMoni
toringandEvaluation3/TheOutcomesApproach/Health%20Sector%20NSDA.pdf (accessed Mar 23, 2015). 
294. National Department of Health. National Strategic Plan on HIV, STI's and TB 2012-2016. 
Pretoria, South Africa: National Department of Health; 2011.  
http://www.thepresidency.gov.za/MediaLib/Downloads/Home/Publications/SANACCallforNominations/
A5summary12-12.pdf (accessed Jan 13, 2012). 
295. National Department of Health. HIV Counselling and Testing (HCT) Policy Guidelines. Pretoria, 
South Africa: National Department of Health 2010. http://www.genderjustice.org.za/publication/national-
hiv-counselling-and-testing-hct-policy-guidelines/ (accessed Nov 11, 2010)  
296. Granich RM, Gilks CF, Dye C, De Cock KM, Williams BG. Universal voluntary HIV testing 
with immediate antiretroviral therapy as a strategy for elimination of HIV transmission: a mathematic 
model. Lancet. 2009;373:48-57. 
297. Massyn N, Day C, Peer N, Padarath A, Barron P, English R. District Health Barometer 2013/14. 
Durban, South Africa Health Systems Trust, 2014. http://www.hst.org.za/publications/district-health-
barometer-201314 (accessed May 25, 2015). 
298. Beksinska ME, Smit JA, Mantell JE. Progress and challenges to male and female condom use in 
South Africa. Sex Health. 2012;9(1):51-8. 
299. Joint United Nations Programme on HIV/AIDS. UNAIDS World AIDS Day Report 2012. 
Geneva, Switzerland: UNAIDS, 2012. 
http://www.unaids.org/sites/default/files/media_asset/JC2434_WorldAIDSday_results_en_1.pdf 
(accessed Feb 09, 2013). 
300. Joint United Nations Programme on HIV/AIDS. The Gap Report. Geneva, Switzerland: 
UNAIDS, 2014. http://www.unaids.org/en/resources/documents/2014/20140716_UNAIDS_gap_report. 
(accessed Nov 10, 2014). 
301. Cleary S, McIntyre D. Financing equitable access to antiretroviral treatment in South Africa. 
BMC health services research. 2010;10 Suppl 1:S2. 
274 
 
302. Hontelez JAC, Nagelkerke N, Barnighausen T, Bakker R, Tanser F, Newell M-L, et al. The 
potential impact of RV144-like vaccines in rural South Africa: A study using the STDSIM 
microsimulation model. Vaccine. 2011;29:6100-6. 
303. Baggaley RF, Ferguson NM, Garnett GP. The epidemiological impact of anti-retroviral use 
predicted by mathematical models: a review. Emerg Themes Epidemiol 2005;2(9). 
304. Vissers DC, Voeten HA, Nagelkerke NJ, Habbema JDF, de Vlas SJ. The impact of pre-exposure 
prophylaxis (PrEP) on HIV epidemics in Africa and India: a simulation study. PloS one. 2008;3:e2077. 
305. Korenromp E, van Vliet C, Grosskurth H, Gavyole A, van der Ploeg C, Fransen L, et al. Model 
based evaluation of single-round mass treatment of sexually transmitted diseases for HIV control in a 
rural African population. AIDS. 2000;14:573 - 93. 
306. Perreau M, Levy Y, Pantaleo G. Immune response to HIV. Current opinion in HIV and AIDS. 
2013;8(4):333-40. 
307. Pantaleo G, Graziosi C, Fauci AS. New concepts in the immunopathogenesis of human 
immunodeficiency virus infection. N Engl J Med. 1993;328(5):327-35. 
308. Mouquet HN, M.C. Roadmaps to a vaccine. Nature. 2013;496:441-2. 
309. Shasha D, Walker BD. Lessons to be Learned from Natural Control of HIV - Future Directions, 
Therapeutic, and Preventive Implications. Frontiers in immunology. 2013;4:162. 
310. Weinberg JL, Kovarik CL. The WHO Clinical Staging System for HIV/AIDS. Virtual Mentor. 
2010;12(3):202-6. 
311. Woodsong C. Covert use of topical microbicides: implications for acceptability and use. Int Fam 
Plan Perspect. 2004;30(2):94-8. 
312. Kashuba AD, Gengiah TN, Werner L, Yang KH, White NR, Karim QA, et al. Genital Tenofovir 
Concentrations Correlate With Protection Against HIV Infection in the CAPRISA 004 Trial: Importance 
of Adherence for Microbicide Effectiveness. J Acquir Immune Defic Syndr. 2015;69(3):264-9. 
313. Abdool Karim Q, Abdool Karim SS, Frohlich JA, Grobler AC, Baxter C, Mansoor LE, et al. 
Effectiveness and safety of tenofovir gel, an antiretroviral microbicide, for the prevention of HIV 
infection in women. Science. 2010;329(5996):1168-74. 
314. Marrazzo JM, Ramjee G, Richardson BA, Gomez K, Mgodi N, Nair G, et al. Tenofovir-Based 
Preexposure Prophylaxis for HIV Infection among African Women. N Engl J Med. 2015;372(6):509-18. 
315. Gomez GB, Borquez A, Case KK, Wheelock A, Vassall A, Hankins C. The cost and impact of 
scaling up pre-exposure prophylaxis for HIV prevention: a systematic review of cost-effectiveness 
modelling studies. PLoS medicine. 2013;10(3):12. 
275 
 
316. Rees H, Delany-Moretlwe S, Lombard C, Baron D, Panchia R, Myer L, et al. FACTS 001 Phase 
III Trial of Pericoital Tenofovir 1% Gel for HIV Prevention in Women.  Conference on Retroviruses aand 
Opportunistic Infections; 23-26 February 2015; Seattle, Washington.2015. 
http://www.croiconference.org/sessions/facts-001-phase-iii-trial-pericoital-tenofovir-1-gel-hiv-
prevention-women (accessed Nov 08, 2015). 
317. McMahon JM, Myers JE, Kurth AE, Cohen SE, Mannheimer SB, Simmons J, et al. Oral Pre-
Exposure Prophylaxis (PrEP) for Prevention of HIV in Serodiscordant Heterosexual Couples in the 
United States: Opportunities and Challenges. AIDS Patient Care STDS. 2014;28(9):462-74. 
318. Grant RM, Lama JR, Anderson PL, McMahan V, Liu AY, Vargas L, et al. Preexposure 
Chemoprophylaxis for HIV Prevention in Men Who Have Sex with Men. N Engl J Med. 
2011;363(27):2587-99. 
319. Baeten JM, Donnell D, Ndase NR, Mugo JD, Campbell JD, Wangisi J, et al. Antiretroviral 
Prophylaxis for HIV Prevention in Heterosexual Men and Women. N Engl J Med. 2012;367(5):399-410. 
320. Thigpen MC, Poloko MK, Paxton LA, Smith DK, Rose CE, Segolodi TM, et al. Antiretroviral 
Preexposure Prophylaxis for Heterosexual HIV Transmission in Botswana. N Engl J Med. 2012;367:423-
34. 
321. Choopanya K, Martin M, Suntharasamai P, Sangkum U, Mock PA, Leethochawalit M, et al. 
Antiretroviral prophylaxis for HIV infection in injecting drug users in Bangkok, Thailand (the Bangkok 
Tenofovir Study): a randomised, double-blind, placebo-controlled phase 3 trial. Lancet. 
2013;381(9883):2083-90. 
322. Van Damme L, Corneli A, Ahmed K, Agot K, Lombaard J, Kapiga S, et al. Preexposure 
Prophylaxis for HIV Infection among African women. N Engl J Med. 2012;367:411-22. 
323. Eakle R, Venter WDF, Rees H. Pre-exposure prophylaxis for HIV prevention: Ready for prime 
time in South Africa? SAMJ. 2013;103(8):515-6. 
324. Bauermeister JA, Meanley S, Pingel E, Soler JH, Harper GW. PrEP awareness and perceived 
barriers among single young men who have sex with men in the United States. Curr HIV Res. 
2013;11(7):520-7. 
325. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, Kumarasamy N, et al. 
Prevention of HIV-1 infection with Early Antiretroviral Therapy. N Engl J Med. 2011;365(6):493-505. 
326. Celum C, Wald A, Lingappa JR, Magaret AS, Wang RS, Mugo N, et al. Acyclovir and 
transmission of HIV-1 from persons infected with HIV-1 and HSV-2. N Engl J Med. 2010;362(5):427-39. 
327. World Health Organization. Guidance on Couples HIV Testing and Counselling Including 
Antiretroviral Therapy for Treatment and Prevention in Serodiscordant Couples: Recommendations for a 
Public Health Approach. Geneva, Switzerland: World Health Organization, 2012. 
http://www.who.int/hiv/pub/guidelines/9789241501972/en/ (accessed Dec 09, 2015). 
276 
 
328. Cornell M, Grimsrud A, Fairall L, Fox MP, van Cutsem G, Giddy J, et al. Temporal changes in 
programme outcomes among adult patients initiating antiretroviral therapy across South Africa, 2002-
2007. AIDS. 2010;24(14):2263-70. 
329. Njeuhmeli E, Forsythe S, Reed J, Opuni M, Bollinger L, Heard L, et al. Voluntary Medical Male 
Circumcision: Modeling the Impact and Cost of Expanding Male Circumcision for HIV Prevention in 
Eastern and Southern Africa. PLoS medicine. 2011;8(11):e1001132. 
330. Rech D, Spyrelis A, Frade s, Perry L, Farrell M, Fertziger R, et al. Implications of the Fast-
Evolving Scale-Up of Adult Voluntary Medical Male Circumcision for Quality of Services in South 
Africa. PloS one. 2014;9(5):e80577. 
331. Joint United Nations Programme on HIV/AIDS. Global report: UNAIDS report on the global 
AIDS epidemic 2013. Geneva, Switzerland: UNAIDS, 2013. 
http://www.unaids.org/en/resources/campaigns/globalreport2013/globalreport (accessed Mar 23, 2015). 
332. Barnighausen T, Bloom DE, Humair S. Economics of antiretroviral treatment vs. circumcision for 
HIV prevention. Proceedings of the National Academy of Sciences of the United States of America. 
2012;109(52):21271-6. 
333. Montague C, Ngcobo N, Mahlase G, Frohlich J, Pillay C, Yende-Zuma N, et al. Implementation 
of Adolescent-Friendly Voluntary Medical Male Circumcision Using a School Based Recruitment 
Program in Rural KwaZulu-Natal, South Africa. PloS one. 2014;9(5):e96468. 
334. Pitisuttithum P, Gilbert P, Gurwith M, Heyward W, van Griensven F. Randomized, double-
blinded, placebo controlled efficacy trial of a bivalent recombinant glycoprotein 120 HIV-1 vaccine 
among injection drug users in Bangkok, Thailand. The Journal of infectious diseases. 2006;194:1661-71. 
335. Flynn NM, Forthal DN, Harro CD, Judson FN, Mayer KH, Para MF. Placebo-controlled phase 3 
trial of a recombinant glycoprotein 120 vaccine to prevent HIV-1 infection. The Journal of infectious 
diseases. 2005;191(5):654-65. 
336. Gray G, Buchbinder S, Duerr A. Overview of STEP and Phambili trial results: two phase IIb test 
of concept studies investigating the efficacy of MRK ad5 gag/pol/nef sub-type B HIV vaccine. Current 
opinion in HIV and AIDS. 2010;5(5):357-61. 
337. Buchbinder SP, Mehrotra DV, Fitzgerald DW, Mogg R, Li D, Gilbert PB. Efficacy assessment of 
a cell-mediated immunity HIV-1 vaccine (the Step Study): a double-blind, randomized, placebo-
controlled, test-of-concept trial. Lancet. 2008;372:1881-93. 
338. Hammer SM, Sobieszczyk ME, Janes H, Karuna ST, Mulligan MJ, Grove D, et al. Efficacy trial 
of a DNA/rAd5 HIV-1 preventive vaccine. N Engl J Med. 2013;369(22):2083-92. 
339. Rerks-Ngarm S, Pitisuttithum P, Nitayaphan S, Kaewkungwal J, Paris R, Premsri N, et al. 
Vaccination with ALVAC and AIDSVAXto Prevent HIV-1 Infection in Thailand. N Engl J Med. 
2009;361(23):2209-20. 
277 
 
340. Schiffner TS, Q.J. Dorrell, L. Development of prophylactic vaccines against HIV-1. 
Retrovirology. 2013;10(72):1-16. 
341. Gray GE, Allen M, Moodie Z, Churchyard G, Bekker L-G, Nchabeleng M, et al. Safety and 
efficacy of the HVTN 503/Phambili Study of a clade-B-based HIV-1 vaccine in South Africa: a double-
blind, randomised, placebo-controlled test-of-concept phase 2b study. The Lancet infectious diseases. 
2011;11(7):507-15. 
342. McElrath MJDR, S.C. Moodie, Z. Dubey, S. Kierstead, L. Janes, H. HIV-1 vaccine-induced 
immunity in the test-of-concept Step Study: a case-cohort analysis. Lancet. 2008;372:1894-905. 
343. Day TA, Kublin JG. Lessons learned from HIV vaccine clinical efficacy trials. Curr HIV Res. 
2013;11(6):441-9. 
344. Gray G, Andersen-Nissen E, Grunenberg N, Huang Y, Roux S, Laher F, et al. HVTN 097: 
Evaluation of the RV144 Vaccine Regimen in HIV Uninfected South African Adults. AIDS research and 
human retroviruses. 2014;10(30 Suppl 1(S1)):A33-4. 
345. Liefman LS. NIH-Sponsored HIV Vaccine Trial Launches in South Africa - Early Stage Trial 
Aims to Build on RV144 Results. National Institute of Allergy and Infectious Diseases [Internet]. 2015. 
http://www.nih.gov/news-events/news-releases/nih-sponsored-hiv-vaccine-trial-launches-south-africa 
(accessed April 16, 2015). 
346. Lewis DA. HIV/sexually transmitted infection epidemiology, management and control in the 
IUSTI Africa region: focus on sub-Saharan Africa. Sexually transmitted infections. 2011;87 Suppl 2:ii10-
3. 
347. Cowan F, Pettifor A. HIV in adolescents in sub-Saharan Africa. Current opinion in HIV and 
AIDS. 2009;4(4):288-93. 
348. Snyder J, Miller CL, Gray G. Relative Versus Absolute Standards for Everyday Risk in 
Adolescent HIV Prevention Trials: Expanding the Debate. The American Journal of Bioethics. 
2011;11(6):5-13. 
349. Bekker LG, Slack C, Lee S, Shah S, Kapogiannis B. Ethical issues in adolescent HIV research in 
resource-limited countries. J Acquir Immune Defic Syndr. 2014;1(65):0000000000000036. 
350. Abdool Karim Q, Dellar R. Inclusion of adolescent girls in HIV prevention research - an 
imperative for an AIDS-free generation. Journal of the International AIDS Society. 2014;17(19075). 
351. Philpott S. (Un)risky business: adolescents and HIV prevention trials. The American journal of 
bioethics : AJOB. 2011 Jun;11(6):17-9. PubMed PMID: 21678207. Epub 2011/06/17. eng. 
352. Strode A, Slack C, Grant C, Mushariwa M. Ethical and legal challenges in enrolling adolescents 
in medical research in South Africa: implications for HIV vaccine trials. South African Journal of 
Science. 2005 12-4-12;101:224 - 8. 
278 
 
353. MacQueen KM, Karim QA. Adolescents and HIV clinical trials: ethics, culture, and context. J 
Assoc Nurses AIDS Care. 2007;18(2):78-82. 
354. Otwombe KN, Sikkema KJ, Dietrich J, De Bruyn G, van der Watt M, Gray G. Willingness to 
Participate in Biomedical HIV Prevention Studies After the HVTN 503/Phambili Trial: A Survey 
Conducted Among Adolescents in Soweto, South Africa. J Acquir Immune Defic Syndr. 2011;58:211-8. 
355. Sayles JN, Macphail CL, Newman PA, Cunningham WE. Future HIV vaccine acceptability 
among young adults in South Africa. Health education & behavior : the official publication of the Society 
for Public Health Education. 2010;37(2):193-210. 
356. Essack Z, Koen J, Barsdorf N, Slack C, Quayle M, Milford C, et al. Stakeholder perspectives on 
ethical challenges in HIV vaccine trials in South Africa. Developing world bioethics. 2010;10(1):11-21. 
357. Jaspan HB, Soka NF, Mathews C, Flisher AJ, Mark D, Middelkoop K, et al. A qualitative 
assessment of perspectives on the inclusion of adolescents in HIV vaccine trials in South Africa. 
International journal of STD & AIDS. 2010;21(3):172-6. 
358. Jaspan HB, Soka NF, Strode AE, Mathews C, Mark D, Flisher AJ, et al. Community perspectives 
on the ethical issues surrounding adolescent HIV vaccine trials in South Africa. Vaccine. 
2008;26(45):5679-83. 
359. National Department of Health. National Health Act (61/2003): Research on or experimentation 
with human subjects (Section 71). Pretoria, South Africa: National Department of Health; 2012. 
http://www.gov.za/documents/national-health-act (accessed Jan 10, 2014). 
360. Strode AS, C. Selected ethical-legal norms in child and adolescent HIV prevention research: 
Consent, confidentiality and mandatory reporting [revised]. European and Developing Countries Clinical 
Trials Partnership [EDCTP]. 2012. . 
361. Dempsey AF. Human papillomavirus: the usefulness of risk factors in determining who should 
get vaccinated. Rev Obstet Gynecol. 2008;1(3):122-8. 
362. Centers for Disease Control and Prevention. Ten great public health achievements--worldwide, 
2001-2010. MMWR Morb Mortal Wkly Rep. 2011;60(24):814-8. 
363. Levine OS, Bloom DE, Cherian T, de Quadros C, Sow S, Wecker J, et al. The future of 
immunisation policy, implementation, and financing. Lancet. 2011;378(9789):439-48. 
364. Abdullahi LH, Kagina BM, Cassidy T, Adebayo EF, Wiysonge CS, Hussey GD. Knowledge, 
attitudes and practices on adolescent vaccination among parents, teachers and adolescents in Africa: a 
systematic review protocol. Syst Rev. 2014;3(100):2046-4053. 
365. Barnighausen T, Bloom DE, Cafiero-Fonseca ET, O'Brien JC. Valuing vaccination. Proceedings 
of the National Academy of Sciences of the United States of America. 2014;111(34):12313-9. 
279 
 
366. Ehreth J. The global value of vaccination. Vaccine. 2003;21(7-8):596-600. 
367. Groce NE, Banks LM, Stein MA. Surviving polio in a post-polio world. Soc Sci Med. 
2014;107:171-8. 
368. Bloom DE. Valuing vaccines: deficiencies and remedies. Vaccine. 2015;8(33):023. 
369. Bloom DE, Canning D. Policy forum: public health. The health and wealth of nations. Science. 
2000;287(5456). 
370. Saxenian H. HPV Vaccine Adoption in Developing Countries: Cost and Financing Issues. 
Washington, USA: International AIDS Vaccine Initiative, Program for Appropriate Technology in 
Health, 2007. http://www.path.org/publications/detail.php?i=1571. 
371. Gandhi G. Forecasting the Global Demand for Preventive HIV Vaccines. IAVI Public Policy 
Department. Policy Research Working Paper #15. New York, USA: International AIDS Vaccine 
Initiative, 2007. https://www.bcg.com/documents/file27442.pdf. 
372. Russell N, Marovich M, editors. P5 Update and GAC Progress Report. P5 Global Access 
Committee RSA Summit; October 2015; Cape Town International Conference Centre. 
373. Snyder CM, Begor W, Berndt ER. Economic perspectives on the advance market commitment for 
pneumococcal vaccines. Health Aff. 2011;30(8):1508-17. 
374. Nordin JD, Solberg LI, Parker ED. Adolescent primary care visit patterns. Ann Fam Med. 
2010;8(6):511-6. 
375. Burstein GR, Lowry R, Klein JD, Santelli JS. Missed opportunities for sexually transmitted 
diseases, human immunodeficiency virus, and pregnancy prevention services during adolescent health 
supervision visits. Pediatrics. 2003;111(5 Pt 1):996-1001. 
376. Ralph LJ, Brindis CD. Access to reproductive healthcare for adolescents: establishing healthy 
behaviors at a critical juncture in the lifecourse. Curr Opin Obstet Gynecol. 2010;22(5):369-74. 
377. Mason-Jones AJ, Crisp C, Momberg M, Koech J, De Koker P, Mathews C. A systematic review 
of the role of school-based healthcare in adolescent sexual, reproductive, and mental health. Syst Rev. 
2012;1(49). 
378. Boonstra HD. Meeting the Sexual and Reproductive Health Needs of Adolescents in School-
Based Health Centers. Guttmacher Policy Review. 2015;18(1). 
379. Gustafson EM. History and overview of school-based health centers in the US. Nurs Clin North 
Am. 2005;40(4):595-606. 
280 
 
380. Brindis CD, Klein J, Schlitt J, Santelli J, Juszczak L, Nystrom RJ. School-based health centers: 
accessibility and accountability. The Journal of adolescent health : official publication of the Society for 
Adolescent Medicine. 2003;32(6 Suppl):98-107. 
381. Fothergill K, Ballard E. The school-linked health center: a promising model of community-based 
care for adolescents. The Journal of adolescent health : official publication of the Society for Adolescent 
Medicine. 1998;23(1):29-38. 
382. Ethier KA, Dittus PJ, DeRosa CJ, Chung EQ, Martinez E, Kerndt PR. School-based health center 
access, reproductive health care, and contraceptive use among sexually experienced high school students. 
The Journal of adolescent health : official publication of the Society for Adolescent Medicine. 
2011;48(6):562-5. 
383. Allison MA, Crane LA, Beaty BL, Davidson AJ, Melinkovich P, Kempe A. School-based health 
centers: improving access and quality of care for low-income adolescents. Pediatrics. 2007;120(4):10. 
384. Owen J, Carroll C, Cooke J, Formby E, Hayter M, Hirst J, et al. School-linked sexual health 
services for young people (SSHYP): a survey and systematic review concerning current models, 
effectiveness, cost-effectiveness and research opportunities. Health Technol Assess. 2010;14(30):1-228. 
385. Britto MT, Klostermann BK, Bonny AE, Altum SA, Hornung RW. Impact of a school-based 
intervention on access to healthcare for underserved youth. The Journal of adolescent health : official 
publication of the Society for Adolescent Medicine. 2001;29(2):116-24. 
386. Coyne-Beasley T, Ford CA, Waller MW, Adimora AA, Resnick MD. Sexually active students' 
willingness to use school-based health centers for reproductive health care services in North Carolina. 
Ambul Pediatr. 2003;3(4):196-202. 
387. Kirby DB, Laris BA, Rolleri LA. Sex and HIV education programs: their impact on sexual 
behaviors of young people throughout the world. The Journal of adolescent health : official publication of 
the Society for Adolescent Medicine. 2007;40(3):206-17. 
388. Wellings K, Collumbien M, Slaymaker E, Singh S, Hodges Z, Patel D, et al. Sexual behaviour in 
context: a global perspective. Lancet. 2006;368(9548):1706-28. 
389. Dick B, Ferguson J, Ross DA. Preventing HIV/AIDS in young people. A systematic review of the 
evidence from developing countries. Introduction and rationale. World Health Organ Tech Rep Ser. 
2006;938:1-13. 
390. Gallant M, Maticka-Tyndale E. School-based HIV prevention programmes for African youth. Soc 
Sci Med. 2004;58(7):1337-51. 
391. Wegbreit J, Bertozzi S, DeMaria LM, Padian NS. Effectiveness of HIV prevention strategies in 
resource-poor countries: tailoring the intervention to the context. AIDS. 2006;20(9):1217-35. 
281 
 
392. Paul-Ebhohimhen VA, Poobalan A, van Teijlingen ER. A systematic review of school-based 
sexual health interventions to prevent STI/HIV in sub-Saharan Africa. BMC public health. 
2008;8(4):1471-2458. 
393. Stanton B, Kim N, Galbraith J, Parrott M. Design issues addressed in published evaluations of 
adolescent HIV-risk reduction interventions: a review. The Journal of adolescent health : official 
publication of the Society for Adolescent Medicine. 1996;18(6):387-96. 
394. Oakley A, Fullerton D, Holland J, Arnold S, France-Dawson M, Kelley P, et al. Sexual health 
education interventions for young people: a methodological review. BMJ. 1995;310(6973):158-62. 
395. Yankah E, Aggleton P. Effects and effectiveness of life skills education for HIV prevention in 
young people. AIDS Educ Prev. 2008;20(6):465-85. 
396. Sales JM, Milhausen RR, Diclemente RJ. A decade in review: building on the experiences of past 
adolescent STI/HIV interventions to optimise future prevention efforts. Sexually transmitted infections. 
2006;82(6):431-6. 
397. Chin HB, Sipe TA, Elder R, Mercer SL, Chattopadhyay SK, Jacob V, et al. The effectiveness of 
group-based comprehensive risk-reduction and abstinence education interventions to prevent or reduce 
the risk of adolescent pregnancy, human immunodeficiency virus, and sexually transmitted infections: 
two systematic reviews for the Guide to Community Preventive Services. American journal of preventive 
medicine. 2012;42(3):272-94. 
398. Michielsen K, Chersich MF, Luchters S, De Koker P, Van Rossem R, Temmerman M. 
Effectiveness of HIV prevention for youth in sub-Saharan Africa: systematic review and meta-analysis of 
randomized and nonrandomized trials. AIDS. 2010;24(8):1193-202. 
399. Harrison A, Newell ML, Imrie J, Hoddinott G. HIV prevention for South African youth: which 
interventions work? A systematic review of current evidence. BMC public health. 2010;10(102):1471-
2458. 
400. Napierala Mavedzenge SM, Doyle AM, Ross DA. HIV prevention in young people in sub-
Saharan Africa: a systematic review. The Journal of adolescent health : official publication of the Society 
for Adolescent Medicine. 2011;49(6):568-86. 
401. Robin L, Dittus P, Whitaker D, Crosby R, Ethier K, Mezoff J, et al. Behavioral interventions to 
reduce incidence of HIV, STD, and pregnancy among adolescents: a decade in review. The Journal of 
adolescent health : official publication of the Society for Adolescent Medicine. 2004;34(1):3-26. 
402. Kirby D, Obasi A, Laris BA. The effectiveness of sex education and HIV education interventions 
in schools in developing countries. World Health Organ Tech Rep Ser. 2006;938:103-50. 
403. Kirby D. School-based programs to reduce sexual risk-taking behaviors. J Sch Health. 
1992;62(7):280-7. 
282 
 
404. Peltzer K, Matseke G, Mzolo T, Majaja M. Determinants of knowledge of HIV status in South 
Africa: results from a population-based HIV survey. BMC public health. 2009;9(174). 
405. Renju J, Nyalali K, Andrew B, Kishamawe C, Kimaryo M, Remes P, et al. Scaling up a school-
based sexual and reproductive health intervention in rural Tanzania: a process evaluation describing the 
implementation realities for the teachers. Health Educ Res. 2010;25(6):903-16. 
406. Ross DA, Changalucha J, Obasi AI, Todd J, Plummer ML, Cleophas-Mazige B, et al. Biological 
and behavioural impact of an adolescent sexual health intervention in Tanzania: a community-randomized 
trial. AIDS. 2007;21(14):1943-55. 
407. Mavedzenge SN, Luecke E, Ross DA. Effective approaches for programming to reduce 
adolescent vulnerability to HIV infection, HIV risk, and HIV-related morbidity and mortality: a 
systematic review of systematic reviews. J Acquir Immune Defic Syndr. 2014;1(66):0000000000000178. 
408. Keeton V, Soleimanpour S, Brindis CD. School-based health centers in an era of health care 
reform: building on history. Curr Probl Pediatr Adolesc Health Care. 2012;42(6):132-56. 
409. Soleimanpour S, Geierstanger SP, Kaller S, McCarter V, Brindis CD. The role of school health 
centers in health care access and client outcomes. Am J Public Health. 2010;100(9):1597-603. 
410. Klein JD, Handwerker L, Sesselberg TS, Sutter E, Flanagan E, Gawronski B. Measuring quality 
of adolescent preventive services of health plan enrollees and school-based health center users. The 
Journal of adolescent health : official publication of the Society for Adolescent Medicine. 
2007;41(2):153-60. 
411. Bundy D, Shaeffer S, Jukes M. School-based Health and Nutrition Programs. In: Jamison DT, 
Breman JG, Measham AR, editors. Disease Control Priorities in Developing Countries 2nd edition 
Washington (DC): World Bank; 2006. http://www.ncbi.nlm.nih.gov/books/NBK11728/ (accessed Nov 
23, 2015). 
412. Clements CJ, Abdool-Karim Q, Chang ML, Nkowane B, Esparza J. Breaking new ground--are 
changes in immunization services needed for the introduction of future HIV/AIDS vaccines and other 
new vaccines targeted at adolescents? Vaccine. 2004;22(21-22):2822-6. 
413. Pollack AE, Balkin M, Edouard L, Cutts F, Broutet N. Ensuring access to HPV vaccines through 
integrated services: a reproductive health perspective. Bulletin of the World Health Organization. 
2007;85(1):57-63. 
414. Kaur J, Saini SK, Bharti B, Kapoor S. Health Promotion facilities in Schools : WHO “Health 
Promoting Schools Initiative”. Nursing and Midwifery Research Journal. 2015;11(3). 
415. Aransiola JO, Asa S, Obinjuwa P, Olarewaju O, Ojo OO, Fatusi AO. Teachers' perspectives on 
sexual and reproductive health interventions for in-school adolescents in Nigeria. Afr J Reprod Health. 
2013;17(4):84-92. 
283 
 
416. Namisi F, Aaro LE, Kaaya S, Kajula LJ, Kilonzo GP, Onya H, et al. Adolescents' 
Communication with Parents, Other Adult Family Members and Teachers on Sexuality: Effects of 
School-Based Interventions in South Africa and Tanzania. AIDS and behavior. 2015;19(12):2162-76. 
417. Nederveen L. Global Mapping of Initiatives in School Health and Nutrition, with Emphasis on 
Health Education. Rome, Italy: 2010. https://www.wfp.org/content/global-mapping-initiatives-school-
health-and-nutrition-emphasis-health-education (accessed Dec 15, 2015). 
418. Naidoo M. An evaluation of the sexuality education programme being implemented in South 
African schools. Kwa-Zulu Natal, South Africa: University of Zululand; 2006. 
http://uzspace.uzulu.ac.za/bitstream/handle/10530/246/An+evaluation+of+th+sexuality+education+progr
amme+being+implemented+in+South+Africans+schools+-
+M.pdf;jsessionid=232AF6BE4E818DE819B3644FE41F3B05?sequence=1 (accessed Nov 23, 2015). 
419. Ramma L. Evaluation of the implementation of the School Health Policy in two schools in Cape 
Town Johannesburg, South Africa: University of the Witwatersrand; 2010. 
http://wiredspace.wits.ac.za/jspui/bitstream/10539/8596/1/FINAL%20MPH%20REPORT%202010%20-
%20L%20Ramma.pdf (accessed Nov 23, 2015). 
420. World Health Organization. Strengthening cervical cancer prevention and control: Report of the 
GAVI - UNFPA - WHO meeting. . Geneva, Switzerland: World Health Organization, 2009. 
http://screening.iarc.fr/doc/WHO_RHR_10.13_eng.pdf (accessed Nov 23, 2015). 
421. Mason-Jones AJ, Sinclair D, Mathews C, Kagee A, Hillman A, Lombard C. School-based 
interventions for preventing HIV, sexually transmitted infections, and pregnancy in adolescents. Cochrane 
Database Syst Rev. 2016;11:CD006417. 
422. Sani AS, Abraham C, Denford S, Ball S. School-based sexual health education interventions to 
prevent STI/HIV in sub-Saharan Africa: a systematic review and meta-analysis. BMC public health. 
2016;16(1):1069. PubMed PMID: 27724886. Pubmed Central PMCID: PMC5057258. 
423. Frohlich JA, Mkhize N, Dellar RC, Mahlase G, Montague CT, Abdool Karim Q. Meeting the 
sexual and reproductive health needs of high-school students in South Africa: experiences from rural 
KwaZulu-Natal. S Afr Med J. 2014;104(10):687-90. 
424. Mathews C, Eggers SM, de Vries PJ, Mason-Jones AJ, Townsend L, Aaro LE, et al. Reaching the 
hard to reach: longitudinal investigation of adolescents' attendance at an after-school sexual and 
reproductive health programme in Western Cape, South Africa. BMC public health. 2015;15(608):015-
1963. 
425. Strauss M, Rhodes B, George G. A qualitative analysis of the barriers and facilitators of HIV 
counselling and testing perceived by adolescents in South Africa. BMC health services research. 
2015;15(250):015-0922. 
284 
 
426. United Nations Children's Fund. Opportunity in Crisis: Preventing HIV from early adolescence to 
young adulthood. New York, USA: United Nations Children's Fund 2011. 
http://www.unicef.org/publications/index_58708.html (accessed Jan 02, 2016). 
427. Bershteyn A, Klein DJ, Eckhoff PA. Age-dependent partnering and the HIV transmission chain: a 
microsimulation analysis. J R Soc Interface. 2013;10(88):6. 
428. Shisana O, Connolly C, Rehle TM, Mehtar S, Dana P. HIV risk exposure among South African 
children in public health facilities. AIDS care. 2008;20(7):755-63. 
429. Wiener LS, Battles HB, Wood LV. A longitudinal study of adolescents with perinatally or 
transfusion acquired HIV infection: sexual knowledge, risk reduction self-efficacy and sexual behavior. 
AIDS and behavior. 2007;11(3):471-8. 
430. Birungi H, editor HIV/AIDS Programming and Sexuality of Young People Perinatally Infected 
with HIV. International Conference on Actions to Strengthen Linkages between Sexual and Reproductive 
Health and HIV/AIDS; Mumbai, India; 2007. 
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.487.422&rep=rep1&type=pdf (accessed Jan 
02, 2016). 
431. Ahmed N, Flisher AJ, Mathews C, Mukoma W, Jansen S. HIV education in South African 
schools: the dilemma and conflicts of educators. Scand J Public Health. 2009;2:48-54. 
432. Moore AR, Williamson DA. Problems with HIV/AIDS prevention, care and treatment in Togo, 
West Africa: professional caregivers' perspectives. AIDS care. 2003;15(5):615-27. 
433. Mayo C. Sexuality Education Policy and the Educative Potentials of Risk and Rights. Policy 
Futures in Education. 2011 June 1, 2011;9(3):406-15. 
434. Lawrence E, Struthers P, Van Hove G. A mobile school-based HCT service - is it youth friendly? 
SAHARA J. 2016;13(1):123-35. 
435. Kharsany AB, Mlotshwa M, Frohlich JA, Zuma NY, Samsunder N, Karim SS, et al. HIV 
prevalence among high school learners - opportunities for school-based HIV testing programmes and 
sexual reproductive health services. World health & population. 2012;13(4):43-50. 
436. Timol F, Vawda MY, Bhana A, Moolman B, Makoae M, Swartz S. Addressing adolescents' risk 
and protective factors related to risky behaviours: Findings from a school-based peer-education evaluation 
in the Western Cape. SAHARA J. 2016;13(1):197-207. 
437. Mathews C, Eggers SM, Townsend L, Aaro LE, de Vries PJ, Mason-Jones AJ, et al. Effects of 
PREPARE, a Multi-component, School-Based HIV and Intimate Partner Violence (IPV) Prevention 
Programme on Adolescent Sexual Risk Behaviour and IPV: Cluster Randomised Controlled Trial. AIDS 
and behavior. 2016;20(9):1821-40. 
285 
 
438. Chabilall J. Educators’ roles in developing adolescent HIV/AIDS knowledge and attitudes within 
school culture. South African Journal of Education. 2012;32:121-31. 
439. Soon CN, Kaida A, Nkala B, Dietrich J, Cescon A, Gray G, et al. Adolescent experiences of HIV 
and sexual health communication with parents and caregivers in Soweto, South Africa. Sahara J. 
2013;10(3-4):163-9. 
440. DiClemente RJ, Salazar LF, Crosby RA, Rosenthal SL. Prevention and control of sexually 
transmitted infections among adolescents: the importance of a socio-ecological perspective--a 
commentary. Public Health. 2005;119(9):825-36. 
441. World Health Organization. HIV and Adolescents: Guidance for HIV Testing and Counselling 
and Care for Adolescents Living with HIV: Recommendations for a Public Health Approach and 
Considerations for Policy-Makers and Managers. Geneva, Switzerland: World Health Organization, 2013. 
http://apps.who.int/iris/handle/10665/94334 (accessed Jan 02, 2016). 
442. Pettifor A, Bekker LG, Hosek S, DiClemente R, Rosenberg M, Bull SS, et al. Preventing HIV 
among young people: research priorities for the future. J Acquir Immune Defic Syndr. 2013;63(2). 
443. Coates TJ, Richter L, Caceres C. Behavioural strategies to reduce HIV transmission: how to make 
them work better. Lancet. 2008;372(9639):669-84. 
444. United Nations Population Fund. Status Report. Adolescents and Young People in Sub-Saharan 
Africa: Opportunities and Challenges. Johannesburg, South Africa: United Nations Population Fund 
2012. http://www.prb.org/pdf12/status-report-youth-subsaharan-Africa.pdf (accessed Jan 02, 2016). 
445. Joint United Nations Programme on HIV/AIDS. Outlook Breaking News: Young People Are 
Leading the HIV Prevention Revolution. Geneva, Switzerland: UNAIDS, 2010. 
http://www.unaids.org/en/resources/documents/2010/20100713_outlook_youngpeople (accessed Dec 16, 
2013). 
446. Price M. Health care as an instrument of apartheid policy in South Africa. Health Policy Plan. 
1986;1(2):158-70. 
447. Shung-King M. From 'stepchild of primary healthcare' to priority programme: lessons for the 
implementation of the National Integrated School Health Policy in South Africa. S Afr Med J. 
2013;103(12):895-8. 
448. White RG, Glynn JR, Orroth KK, Freeman EE, Bakker R, Weiss HA, et al. Male circumcision for 
HIV prevention in sub-Saharan Africa: who, what and when? AIDS. 2008;22(14):1841-50. 
449. Johnson LF, Bekker LG, Dorrington RE. HIV/AIDS vaccination in adolescents would be 
efficient and practical when vaccine supplies are limited. Vaccine. 2007;25(43):7502-9. 
286 
 
450. Jonas K, Crutzen R, van den Borne B, Sewpaul R, Reddy P. Teenage pregnancy rates and 
associations with other health risk behaviours: a three-wave cross-sectional study among South African 
school-going adolescents. Reprod Health. 2016;13(1):50. 
451. Ranganathan M, Heise L, Pettifor A, Silverwood RJ, Selin A, MacPhail C, et al. Transactional 
sex among young women in rural South Africa: prevalence, mediators and association with HIV 
infection. Journal of the International AIDS Society. 2016;19(1):20749. 
452. Kalamar AM, Bayer AM, Hindin MJ. Interventions to Prevent Sexually Transmitted Infections, 
Including HIV, Among Young People in Low- and Middle-Income Countries: A Systematic Review of 
the Published and Gray Literature. The Journal of adolescent health : official publication of the Society 
for Adolescent Medicine. 2016;59(3 Suppl):S22-31. 
453. Klein JD, Wilson KM. Delivering quality care: adolescents' discussion of health risks with their 
providers. The Journal of adolescent health : official publication of the Society for Adolescent Medicine. 
2002;30(3):190-5. 
454. Bongaarts J. Late marriage and the HIV epidemic in sub-Saharan Africa. Popul Stud. 
2007;61(1):73-83. 
455. Agbemenu K, Schlenk EA. An integrative review of comprehensive sex education for adolescent 
girls in Kenya. Journal of nursing scholarship : an official publication of Sigma Theta Tau International 
Honor Society of Nursing / Sigma Theta Tau. 2011;43(1):54-63. 
456. Morrison-Beedy D, Nelson LE. HIV prevention interventions in adolescent girls: what is the state 
of the science? Worldviews on evidence-based nursing / Sigma Theta Tau International, Honor Society of 
Nursing. 2004;1(3):165-75. 
457. Rehle T, Shisana O, Pillay V, Zuma K, Puren A, Parker W. National HIV incidence measures--
new insights into the South African epidemic. S Afr Med J. 2007;97(3):194-9. 
458. Chersich MF, Rees HV. Vulnerability of women in southern Africa to infection with HIV: 
biological determinants and priority health sector interventions. AIDS. 2008;22(4):75. 
459. Adler D, Wallace M, Bennie T, Abar B, Sadeghi R, Meiring T, et al. High risk human 
papillomavirus persistence among HIV-infected young women in South Africa. Int J Infect Dis. 
2015;33:219-21. 
460. Mbulawa ZZ, Marais DJ, Johnson LF, Coetzee D, Williamson AL. Impact of human 
immunodeficiency virus on the natural history of human papillomavirus genital infection in South African 
men and women. The Journal of infectious diseases. 2012;206(1):15-27. 
461. Mayaud P, Gill DK, Weiss HA, Uledi E, Kopwe L, Todd J, et al. The interrelation of HIV, 
cervical human papillomavirus, and neoplasia among antenatal clinic attenders in Tanzania. Sexually 
transmitted infections. 2001;77(4):248-54. 
287 
 
462. Tanser F, Jones KG, Viljoen J, Imrie J, Grapsa E, Newell ML. Human papillomavirus 
seropositivity and subsequent risk of HIV acquisition in rural South African women. Sex Transm Dis. 
2013;40(7):601-6. 
463. Houlihan CF, Larke NL, Watson-Jones D, Smith-McCune KK, Shiboski S, Gravitt PE, et al. 
Human papillomavirus infection and increased risk of HIV acquisition. A systematic review and meta-
analysis. AIDS. 2012;26(17):2211-22. 
464. Wood SY, Rogow D, Stines F. Preparing teachers to deliver gender-focused sexuality/HIV 
education: a case study from Nigeria. Sex Education. 2015 2015/11/02;15(6):671-85. 
465. Daria MP, Campbell KJ. Schools Need Sexuality Education Programs. Electronic Journal of 
Human Sexuality. 2004;7. 
466. Arrow KJ. Uncertainty and the welfare economics of medical care The American Economic 
Review. 1963;LIII(5):941-73. 
467. Savedoff WD. Kenneth Arrow and the birth of health economics. Bulletin of the World Health 
Organization. 2004;82(2):139-40. 
468. Williams A. The role of health economics. BMJ. 1989;299(6700):679. 
469. Hoffmann C, Graf von der Schulenburg JM. The influence of economic evaluation studies on 
decision making. A European survey. The EUROMET group. Health Policy. 2000;52(3):179-92. 
470. Briggs A, Claxton K, Sculpher M. Decision Modelling for Health Economic Evaluation. London, 
United Kingdom: Oxford University Press; 2007. 
471. Chiba N, Gralnek IM, Moayyedi P, Provenzale D, Inadomi JM, Willan AR, et al. A glossary of 
economic terms. Eur J Gastroenterol Hepatol. 2004;16(6):563-5. 
472. Bambha K, Kim WR. Cost-effectiveness analysis and incremental cost-effectiveness ratios: uses 
and pitfalls. Eur J Gastroenterol Hepatol. 2004;16(6):519-26. 
473. Walker D, Fox-Rushby J. Allowing for uncertainty in economic evaluations: qualitative 
sensitivity analysis. Health Policy Plan. 2001;16(4):435-43. 
474. Chisholm D, Evans DB. Economic evaluation in health: saving money or improving care? 
Journal of Medical Economics. 2007;10(3):325-37. 
475. Hoomans T, Abrams KR, Ament AJ, Evers SM, Severens JL. Modeling the value for money of 
changing clinical practice change: a stochastic application in diabetes care. Med Care. 2009;47(10):1053-
61. 
288 
 
476. Drummond M, Jonsson B, Rutten F. The role of economic evaluation in the pricing and 
reimbursement of medicines. Health Policy. 1997;40(3):199-215. 
477. Gonzalez-Pier E, Gutierrez-Delgado C, Stevens G, Barraza-Llorens M, Porras-Condey R, 
Carvalho N, et al. Priority setting for health interventions in Mexico's System of Social Protection in 
Health. Lancet. 2006;368(9547):1608-18. 
478. Iglesias CP, Drummond MF, Rovira J. Health-care decision-making processes in Latin America: 
problems and prospects for the use of economic evaluation. International journal of technology 
assessment in health care. 2005;21(1):1-14. 
479. Hutubessy R, Chisholm D, Edejer TT. Generalized cost-effectiveness analysis for national-level 
priority-setting in the health sector. Cost Eff Resour Alloc. 2003;1(1):8. 
480. Sloan FA, Whetten-Goldstein K, Wilson A. Hospital pharmacy decisions, cost containment, and 
the use of cost-effectiveness analysis. Soc Sci Med. 1997;45(4):523-33. 
481. McDaid D, Cookson R. Evaluation activity in Europe. London, UK: European Commission, 
2000. 
482. Morris S, Devlin N, Parkin D. Economic Analysis in Health Care: John Wiley & Sons; 2007. 
483. Harris A, Buxton M, O'Brien B, Drummond FR. Using economic evidence in reimbursement 
decisions for health technologies: experience of 4 countries. Expert review of pharmacoeconomics & 
outcomes research. 2001;1(1):7-12. 
484. Williams I, McIver S, Moore D, Bryan S. The use of economic evaluations in NHS decision-
making: a review and empirical investigation. Health Technol Assess. 2008;12(7):iii, ix-x, 1-175. 
485. McDaid D, Mossialos E, Mrazek MF. Making use of economic evaluation. 2003. In: Drugs and 
Money - Prices, Affordability and Cost Containment [Internet]. Netherlands: World Health Organisation. 
7th edition. 
486. Rawlins MD, Culyer AJ. National Institute for Clinical Excellence and its value judgments. BMJ. 
2004;329(7459):224-7. 
487. Anell A, Svarvar P. Pharmacoeconomics and clinical practice guidelines. A survey of attitudes in 
Swedish formulary committees. PharmacoEconomics. 2000;17(2):175-85. 
488. Hoomans T, Severens JL. Economic evaluation of implementation strategies in health care. 
Implementation science : IS. 2014;9:168. 
489. Tangcharoensathien V, Kamolratanakul P. Making sensible rationing: the use of economic 
evidence and the need for methodological standards. Journal of the Medical Association of Thailand = 
Chotmaihet thangphaet. 2008;91 Suppl 2:S4-7. 
289 
 
490. Yothasamut J, Tantivess S, Teerawattananon Y. Using economic evaluation in policy decision-
making in Asian countries: mission impossible or mission probable? Value in health : the journal of the 
International Society for Pharmacoeconomics and Outcomes Research. 2009;12 Suppl 3:S26-30. 
491. Gillespie P, O'Shea E, O'Hara MC, Dinneen SF. Cost effectiveness of group follow-up after 
structured education for type 1 diabetes: a cluster randomised controlled trial. Trials. 2014;15:227. 
492. Mortimer D, French SD, McKenzie JE, O'Connor DA, Green SE. Economic evaluation of active 
implementation versus guideline dissemination for evidence-based care of acute low-back pain in a 
general practice setting. PloS one. 2013;8(10):e75647. 
493. Choudhry NK, Avorn J, Glynn RJ, Antman EM, Schneeweiss S, Toscano M, et al. Full coverage 
for preventive medications after myocardial infarction. N Engl J Med. 2011;365(22):2088-97. 
494. Walker S, Mason AR, Claxton K, Cookson R, Fenwick E, Fleetcroft R, et al. Value for money 
and the Quality and Outcomes Framework in primary care in the UK NHS. Br J Gen Pract. 2010 
May;60(574):e213-20. PubMed PMID: 20423576. Pubmed Central PMCID: PMC2858553. Epub 
2010/04/29. eng. 
495. Scheeres K, Wensing M, Bleijenberg G, Severens JL. Implementing cognitive behavior therapy 
for chronic fatigue syndrome in mental health care: a costs and outcomes analysis. BMC health services 
research. 2008;8:175. 
496. Mason JM, Freemantle N, Gibson JM, New JP. Specialist nurse-led clinics to improve control of 
hypertension and hyperlipidemia in diabetes: economic analysis of the SPLINT trial. Diabetes care. 
2005;28(1):40-6. 
497. Cooper NJ, Sutton AJ, Abrams KR, Turner D, Wailoo A. Comprehensive decision analytical 
modelling in economic evaluation: a Bayesian approach. Health Econ. 2004;13(3):203-26. 
498. Soto J. Health economic evaluations using decision analytic modeling. Principles and practices--
utilization of a checklist to their development and appraisal. International journal of technology 
assessment in health care. 2002;18(1):94-111. 
499. Trikalinos TA, Siebert U, Lau J. Decision-Analytic Modeling to Evaluate Benefits and Harms of 
Medical Tests-Uses and Limitations. Medical Tests-White Paper Series. Rockville, USA: Agency for 
Healthcare Research and Quality, 2009. http://www.ncbi.nlm.nih.gov/pubmed/21290781 (accessed Feb 
18, 2016). 
500. Siebert U. When should decision-analytic modeling be used in the economic evaluation of health 
care? Eur J Health Econom. 2003;4:143-50. 
501. Thornton JG, Lilford RJ, Johnson N. Decision analysis in medicine. BMJ. 1992;304(6834):1099-
103. 
290 
 
502. Petrou S, Gray A. Economic evaluation using decision analytical modelling: design, conduct, 
analysis, and reporting. BMJ. 2011;11(342). 
503. Sun X, Faunce T. Decision-analytical modelling in health-care economic evaluations. Eur J 
Health Econ. 2008;9(4):313-23. 
504. Karnon J. Alternative decision modelling techniques for the evaluation of health care 
technologies: Markov processes versus discrete event simulation. Health Econ. 2003;12(10):837-48. 
505. Philips Z, Ginnelly L, Sculpher M, Claxton K, Golder S, Riemsma R, et al. Review of guidelines 
for good practice in decision-analytic modelling in health technology assessment. Health Technol Assess. 
2004;8(36):1-158. 
506. Cooper NJ, Sutton AJ, Ades AE, Paisley S, Jones DR. Use of evidence in economic decision 
models: practical issues and methodological challenges. Health Econ. 2007;16(12):1277-86. 
507. Brennan A, Chick SE, Davies R. A taxonomy of model structures for economic evaluation of 
health technologies. Health Econ. 2006;15(12):1295-310. 
508. Kim SY, Goldie SJ. Cost-effectiveness analyses of vaccination programmes : a focused review of 
modelling approaches. PharmacoEconomics. 2008;26(3):191-215. 
509. Marsh K, Phillips CJ, Fordham R, Bertranou E, Hale J. Estimating cost-effectiveness in public 
health: a summary of modelling and valuation methods. Health Econ Rev. 2012;2(1):2191-1991. 
510. Cooper K, Brailsford SC. Choice of modelling technique for evaluating health care interventions. 
J Oper Res Soc 2007;58:168-76. 
511. Barton P, Bryan S, Robinson S. Modelling in the economic evaluation of health care: selecting 
the appropriate approach. J Health Serv Res Policy. 2004;9(2):110-8. 
512. Karnon J, Brown J. Selecting a decision model for economic evaluation: a case study and review. 
Health Care Manag Sci. 1998;1(2):133-40. 
513. Gray A, Clarke P, Wolstenholme J, Wordworth S. Applied methods of cost-effectiveness analysis 
in health care. London, United Kingdom: Oxford University Press; 2010. 
514. Salinas-Escudero G, Reyes-Lopez A, Garduno-Espinosa J, Villasis-Keever MA, Martinez-
Valverde S, Munoz-Hernandez O. Economic evaluation of the use of exogenous pulmonary surfactants in 
preterm newborns in a Mexican population. Salud Publica Mex. 2012;54(1):S73-81. 
515. Shamir R, Hernell O, Leshno M. Cost-effectiveness analysis of screening for celiac disease in the 
adult population. Medical decision making : an international journal of the Society for Medical Decision 
Making. 2006;26(3):282-93. 
291 
 
516. CDC Diabetes Cost-effectiveness Group. Cost-effectiveness of intensive glycemic control, 
intensified hypertension control, and serum cholesterol level reduction for type 2 diabetes. JAMA : the 
journal of the American Medical Association. 2002;287(19):2542-51. 
517. Standfield L, Comans T, Scuffham P. Markov modeling and discrete event simulation in health 
care: a systematic comparison. International journal of technology assessment in health care. 
2014;30(2):165-72. 
518. Torrance GW, Feeny D. Utilities and quality-adjusted life years. International journal of 
technology assessment in health care. 1989;5(4):559-75. 
519. Legood R, Gray A, Wolstenholme J, Moss S. Lifetime effects, costs, and cost effectiveness of 
testing for human papillomavirus to manage low grade cytological abnormalities: results of the NHS pilot 
studies. BMJ. 2006;332(7533):79-85. 
520. Bojke L, Hornby E, Sculpher M. A comparison of the cost effectiveness of pharmacotherapy or 
surgery (laparoscopic fundoplication) in the treatment of GORD. PharmacoEconomics. 2007;25(10):829-
41. 
521. Sato RC, Zouain DM. Markov Models in health care. Einstein. 2010;8 (3 Pt 1):376-9. 
522. Gray AM, Clarke PM, Wolstenholme J, Wordsworth S. Applied Methods of Cost-effectiveness 
Analysis in Healthcare. London, United Kingdom: Oxford University Press; 2010. 
523. Hawkins N, Sculpher M, Epstein D. Cost-effectiveness analysis of treatments for chronic disease: 
using R to incorporate time dependency of treatment response. Medical decision making : an international 
journal of the Society for Medical Decision Making. 2005;25(5):511-9. 
524. Naimark DM, Kabboul NN, Krahn MD. The half-cycle correction revisited: redemption of a 
kludge. Medical decision making : an international journal of the Society for Medical Decision Making. 
2013;33(7):961-70. 
525. Barendregt JJ. The half-cycle correction: banish rather than explain it. Medical decision making : 
an international journal of the Society for Medical Decision Making. 2009;29(4):500-2. 
526. Briggs A, Sculpher M. An introduction to Markov modelling for economic evaluation. 
PharmacoEconomics. 1998;13(4):397-409. 
527. Sonnenberg FA, Beck JR. Markov models in medical decision making: a practical guide. Medical 
decision making : an international journal of the Society for Medical Decision Making. 1993;13(4):322-
38. 
528. Nemeth B, Vincziczki Á. The Role of Half-Cycle Correction in the Models Used for Health 
Technology Assessment. Value in Health.16(7):A592-A3. 
292 
 
529. Naimark DM, Bott M, Krahn M. The half-cycle correction explained: two alternative pedagogical 
approaches. Medical decision making : an international journal of the Society for Medical Decision 
Making. 2008;28(5):706-12. 
530. Karnon J, Stahl J, Brennan A, Caro JJ, Mar J, Moller J. Modeling using discrete event simulation: 
a report of the ISPOR-SMDM Modeling Good Research Practices Task Force--4. Value in health : the 
journal of the International Society for Pharmacoeconomics and Outcomes Research. 2012;15(6):821-7. 
531. Sharma P. Discrete-Event Simulation. International Journal of Scientific & Technology Research. 
2015;4(4):136-40. 
532. Pitman R, Fisman D, Zaric GS, Postma M, Kretzschmar M, Edmunds J, et al. Dynamic 
transmission modeling: a report of the ISPOR-SMDM Modeling Good Research Practices Task Force--5. 
Value in health : the journal of the International Society for Pharmacoeconomics and Outcomes Research. 
2012;15(6):828-34. 
533. Brisson M, Edmunds WJ. Economic evaluation of vaccination programs: the impact of herd-
immunity. Medical decision making : an international journal of the Society for Medical Decision 
Making. 2003;23(1):76-82. 
534. Lugner AK, Mylius SD, Wallinga J. Dynamic versus static models in cost-effectiveness analyses 
of anti-viral drug therapy to mitigate an influenza pandemic. Health Econ. 2010;19(5):518-31. 
535. Luce BR, Elixhauser A. Standards for the Socioeconomic Evaluation of Health Care Services. 
Cuyler AJ, editor: SpringerLink; 1990. 
536. Frederick S, Loewenstein G, O'Donoghue T. Time discounting and time preference a critical 
review. J Econ Lit. 2002;40:351-401. 
537. Tan-Torres Edejer T, Baltussen R, Adam T, Hutubessy R, Acharya A, Evans DB, et al. Making 
choices in health: WHO Guide to Cost Effectiveness analysis. Geneva, Switzerland: World Health 
Organization, 2003. http://www.who.int/choice/publications/p_2003_generalised_cea.pdf (accessed Mar 
16, 2015). 
538. Krahn M, Gafni A. Discounting in the economic evaluation of health care interventions. Med 
Care. 1993;31(5):403-18. 
539. Jit M, Mibei W. Discounting in the evaluation of the cost-effectiveness of a vaccination 
programme: A critical review. Vaccine. 2015;33(32):3788-94. 
540. Brouwer WB, Niessen LW, Postma MJ, Rutten FF. Need for differential discounting of costs and 
health effects in cost effectiveness analyses. BMJ. 2005;331(7514):446-8. 
541. Claxton K, Paulden M, Gravelle H, Brouwer W, Culyer AJ. Discounting and decision making in 
the economic evaluation of health-care technologies. Health Econ. 2011;20(1):2-15. 
293 
 
542. Jit M, Hutubessy R, Png ME, Sundaram N, Audimulam J, Salim S, et al. The broader economic 
impact of vaccination: reviewing and appraising the strength of evidence. BMC medicine. 
2015;13(209):015-0446. 
543. Breese JS. Construction of belief and decision networks. Comput Intel. 1992;8:624-47. 
544. Powell C. The Delphi technique: myths and realities. J Adv Nurs. 2003;41(4):376-82. 
545. van Steenkiste BC, Jacobs JE, Verheijen NM, Levelink JH, Bottema BJ. A Delphi technique as a 
method for selecting the content of an electronic patient record for asthma. Int J Med Inform. 
2002;65(1):7-16. 
546. Salomon JA, Murray CJ. A multi-method approach to measuring health-state valuations. Health 
Econ. 2004;13(3):281-90. 
547. Robinson A, Dolan P, Williams A. Valuing health status using VAS and TTO: what lies behind 
the numbers? Soc Sci Med. 1997;45(8):1289-97. 
548. Robberstad B. QALYs vs DALYs vs LYs gained: What are the differences, and what difference 
do they make for health care priority setting? Norsk Epidemiologi. 2005;15(2):183-91. 
549. Sassi F. Calculating QALYs, comparing QALY and DALY calculations. Health Policy Plan. 
2006;21(5):402-8. 
550. Anand S, Hanson K. Disability-adjusted life years: a critical review. J Health Econ. 
1997;16(6):685-702. 
551. Grosse SD, Lollar DJ, Campbell VA, Chamie M. Disability and Disability-Adjusted Life Years: 
Not the Same. Public Health Rep. 2009;124(2):197-202. 
552. Zarate V. DALYs and QALYs in developing countries. Health Aff (Millwood). 2007;26(4):1197-
8. 
553. Murray CJL, Lopez AD. Global mortality, disability, and the contribution of risk factors: Global 
Burden of Disease Study. The Lancet. 1997;349(9063):1436-42. 
554. International Monetary Fund. World Economic Outlook: Uneven Growth - Short and Long - 
Term Factors. Washington, USA: International Monetary Fund, 2015. 
http://www.imf.org/external/pubs/cat/longres.aspx?sk=42382 (accessed Oct 23, 2015). 
555. Robberstad B, Olsen JA. The health related quality of life of people living with HIV/AIDS in 
sub-Saharan Africa - a literature review and focus group study. Cost Eff Resour Alloc. 2010;8(5). 
294 
 
556. Ravens-Sieberer U, Wille N, Badia X, Bonsel G, Burstrom K, Cavrini G, et al. Feasibility, 
reliability, and validity of the EQ-5D-Y: results from a multinational study. Qual Life Res. 
2010;19(6):887-97. 
557. Wille N, Badia X, Bonsel G, Burstrom K, Cavrini G, Devlin N, et al. Development of the EQ-5D-
Y: a child-friendly version of the EQ-5D. Qual Life Res. 2010;19(6):875-86. 
558. Jelsma J. A comparison of the performance of the EQ-5D and the EQ-5D-Y health-related quality 
of life instruments in South African children. Int J Rehabil Res. 2010;33(2):172-7. 
559. Hoots WK, Ebbesen LS, Konkle BA, Auerswald GKH, Roberts HR, Weatherall J, et al. 
Secondary prophylaxis with recombinant activated factor VII improves health-related quality of life of 
haemophilia patients with inhibitors. Haemophilia. 2008;14(3):466-75. 
560. McIntosh E, Luengo-Fernandez R. Economic evaluation. Part 2: frameworks for combining costs 
and benefits in health care. J Fam Plann Reprod Health Care. 2006;32(3):176-80. 
561. Jakubiak-Lasocka J, Jakubczyk M. Cost-effectiveness versus Cost-Utility Analyses: What Are the 
Motives Behind Using Each and How Do Their Results Differ?—A Polish Example. Value in Health 
Regional Issues. 2014;4C:66-74. 
562. Shiell A, Donaldson C, Mitton C, Currie G. Health economic evaluation. J Epidemiol 
Community Health. 2002;56(2):85-8. 
563. Whitehead SJ, Ali S. Health outcomes in economic evaluation: the QALY and utilities. Br Med 
Bull. 2010;96:5-21. 
564. Briggs A, Sculpher M, Buxton M. Uncertainty in the economic evaluation of health care 
technologies: the role of sensitivity analysis. Health Econ. 1994;3(2):95-104. 
565. Briggs AH, Weinstein MC, Fenwick EA, Karnon J, Sculpher MJ, Paltiel AD. Model parameter 
estimation and uncertainty analysis: a report of the ISPOR-SMDM Modeling Good Research Practices 
Task Force Working Group-6. Medical decision making : an international journal of the Society for 
Medical Decision Making. 2012;32(5):722-32. 
566. Weinstein MC. Recent developments in decision-analytic modelling for economic evaluation. 
PharmacoEconomics. 2006;24(11):1043-53. 
567. Kassirer JP, Pauker SG. The toss-up. N Engl J Med. 1981;305(24):1467-9. 
568. Shelley KD, Ansbro EM, Ncube AT, Sweeney S, Fleischer C, Tembo Mumba G, et al. Scaling 
Down to Scale Up: A Health Economic Analysis of Integrating Point-of-Care Syphilis Testing into 
Antenatal Care in Zambia during Pilot and National Rollout Implementation. PloS one. 2015;10(5). 
295 
 
569. Kahn JG, Marseille E, Auvert B. Cost-effectiveness of male circumcision for HIV prevention in a 
South African setting. PLoS medicine. 2006;3(12). 
570. Briggs AH. Handling uncertainty in cost-effectiveness models. PharmacoEconomics. 
2000;17(5):479-500. 
571. Nuijten MJ. Incorporation of statistical uncertainty in health economic modelling studies using 
second-order Monte Carlo simulations. PharmacoEconomics. 2004;22(12):759-69. 
572. Fenwick E, O'Brien BJ, Briggs A. Cost-effectiveness acceptability curves--facts, fallacies and 
frequently asked questions. Health Econ. 2004;13(5):405-15. 
573. Briggs AH. Statistical approaches to handling uncertainty in health economic evaluation. Eur J 
Gastroenterol Hepatol. 2004;16(6):551-61. 
574. Bang H, Zhao H. Median-Based Incremental Cost-Effectiveness Ratio (ICER). J Stat Theory 
Pract. 2012;6(3):428-42. 
575. Kirch W. Dominant Strategy.  Encyclopedia of Public Health 
Netherlands: Springer Netherlands; 2008. http://link.springer.com/referenceworkentry/10.1007%2F978-1-
4020-5614-7_862 (accessed Feb 17, 2016). p. 299. 
576. National Institute for Health and Care Excellence. Respiratory tract infections (self-limiting): 
Antibiotic Prescribing. Prescribing of Antibiotics for Self-Limiting Respiratory Tract Infections in adults 
and Children in Primary Care. NICE Clinical Guidelines, No. 69. London, United Kingdom: Centre for 
Clinical Practice at NICE; 2008. http://www.nice.org.uk/guidance/cg69 (accessed Feb 17, 2016). 
577. Black WC. The CE plane: a graphic representation of cost-effectiveness. Medical decision 
making : an international journal of the Society for Medical Decision Making. 1990;10(3):212-4. 
578. Al MJ. Cost-effectiveness acceptability curves revisited. PharmacoEconomics. 2013;31(2):93-
100. 
579. Fenwick E, Marshall DA, Levy AR, Nichol G. Using and interpreting cost-effectiveness 
acceptability curves: an example using data from a trial of management strategies for atrial fibrillation. 
BMC health services research. 2006;6:52. 
580. Hounton S, Newlands D. Applying the net-benefit framework for assessing cost-effectiveness of 
interventions towards universal health coverage. Cost Eff Resour Alloc. 2012;10(1):1478-7547. 
581. Barton GR, Briggs AH, Fenwick EA. Optimal cost-effectiveness decisions: the role of the cost-
effectiveness acceptability curve (CEAC), the cost-effectiveness acceptability frontier (CEAF), and the 
expected value of perfection information (EVPI). Value in health : the journal of the International Society 
for Pharmacoeconomics and Outcomes Research. 2008;11(5):886-97. 
296 
 
582. Fenwick E, Byford S. A guide to cost-effectiveness acceptability curves. Br J Psychiatry. 
2005;Aug(187):106-8. 
583. Fenwick E, Claxton K, Sculpher M. Representing uncertainty: the role of cost-effectiveness 
acceptability curves. Health Econ. 2001;10(8):779-87. 
584. Soeteman DI, Verheul R, Delimon J, Meerman AM, van den Eijnden E, Rossum BV, et al. Cost-
effectiveness of psychotherapy for cluster B personality disorders. Br J Psychiatry. 2010;196(5):396-403. 
585. Marseille E, Larson B, Kazi DS, Kahn JG, Rosen S. Thresholds for the cost-effectiveness of 
interventions: alternative approaches. Bulletin of the World Health Organization. 2015;93(2):118-24. 
586. World Health Organisation. Choosing Interventions that are cost-effective Geneva, Switzerland: 
World Health Organisation; 2015. http://www.who.int/choice/cost-effectiveness/en/ (accessed Oct 15, 
2015). 
587. Sachs JD. Macroeconomics and Health: Investing in Health for Economic Development. Report 
of the Commission on Macroeconomics and Health. Geneva, Switzerland: World Health Organization, 
2001. http://apps.who.int/iris/bitstream/10665/42435/1/924154550X.pdf (accessed Nov 23, 2015). 
588. World Health Organization. The world health report 2002: reducing risks, promoting healthy life. 
Geneva, Switzerland World Health Organization, 2002. http://www.who.int/whr/2002/en/ (accessed Nov 
28, 2015). 
589. Shillcutt SD, Walker DG, Goodman CA, Mills AJ. Cost-Effectiveness in Low- and Middle-
Income Countries: A Review of the Debates Surrounding Decision Rules. PharmacoEconomics. 
2009;27(11):903-17. 
590. Weintraub WS, Cohen DJ. The Limits of Cost-Effectiveness Analysis. Circulation: 
Cardiovascular Quality and Outcomes. 2009 January 1, 2009;2(1):55-8. 
591. The World Bank. http://data.worldbank.org (accessed Jun 12, 2015)  
592. Ssengooba F. Uganda's minimum package for health care: rationing within the minimum? . 
Health Policy Development J. 2003;2(1). 
593. Sendi PP, Briggs AH. Affordability and cost-effectiveness: decision-making on the cost-
effectiveness plane. Health Econ. 2001;10(7):675-80. 
594. Loomis CJ. Warren Buffett gives it away. Fortune. 2006;154(1):56-60, 2, 4 passim. 
595. Appleton S. Malnutrition and Hunger: Alternate Perspectives. 2004. In: Global Crises, Global 
Solutions [Internet]. Cambridge, UK: Cambridge University Press; [435-42]. 
297 
 
596. Banerji D. Report of the WHO Commission on Macroeconomics and Health: a critique. Int J 
Health Serv. 2002;32(4):733-54. 
597. Eichler HG, Kong SX, Gerth WC, Mavros P, Jonsson B. Use of cost-effectiveness analysis in 
health-care resource allocation decision-making: how are cost-effectiveness thresholds expected to 
emerge? Value in health : the journal of the International Society for Pharmacoeconomics and Outcomes 
Research. 2004;7(5):518-28. 
598. Newall AT, Jit M, Hutubessy R. Are current cost-effectiveness thresholds for low- and middle-
income countries useful? Examples from the world of vaccines. PharmacoEconomics. 2014;32(6):525-31. 
599. van der Meulen, A. Life Tables and Survival analysis. The Hague, Netherlands: Statistics 
Netherlands, 2012. http://www.cbs.nl/NR/rdonlyres/C047245B-B20E-492D-A411-
9F298DE7930C/0/2012LifetablesandSurvivalanalysysart.pdf (accesed Oct 15, 2015). 
600. Murray CJL, Ahmad OB, Lopez AD, Salomon JA. WHO System of Model Life Tables. GPE 
Discussion Paper Series: No 8. Geneva, Switzerland: World Health Organization, 2000. 
http://www.who.int/healthinfo/paper08.pdf (accessed Nov 01, 2015). 
601. Missov TI, Németh L, Dańko MJ. How much can we trust life tables? Sensitivity of mortality 
measures to right-censoring treatment. Palgrave Communications. 2016;2:15049. 
602. Rutishauser HC. Mortality tables. S Afr Med J. 1973;47(20):855-8. 
603. Wesley D. Life table analysis. J Insur Med. 1998;30(4):247-54. 
604. Clark SJ, Sharrow DJ. Contemporary Model Life Tables for Developed Countries An Application 
of Model-based Clustering. Working Paper no. 107 Seattle, USA: Center for Statistics and the Social 
Sciences, University of Washington, 2011. https://www.csss.washington.edu/Papers/wp107.pdf (accessed 
Feb 22, 2016). 
605. Cookson R, Cotton-Barrett O, Adler M, Asaria M, Ord T. Years of good life based on income and 
health: Re-engineering cost-benefit analysis to examine policy impacts on wellbeing and distributive 
justice. CHE Research Paper 132. York, United Kingdom: University of York, 2016. 
http://www.york.ac.uk/media/che/publications/ (accessed Nov 30, 2016). 
606. World Health Organization. Universal Health Coverage: Supporting Country Needs Geneva, 
Switzerland: World Health Organization, 2013. 
http://www.who.int/contracting/UHC_Country_Support.pdf  (accessed Nov 30, 2016). 
607. Voorhoeve A, Ottersen T, Norheim OF. Making fair choices on the path to universal health 
coverage: a precis. Health economics, policy, and law. 2016;11(1):71-7. 
608. Norheim OF, Asada Y. The ideal of equal health revisited: definitions and measures of inequity 
in health should be better integrated with theories of distributive justice. International Journal for Equity 
in Health. 2009;8:40. 
298 
 
609. Daniels N. Just health: meeting health needs fairly. New York, USA: Cambridge University 
Press; 2008. 
610. Maiese M. Distributive Justice. Beyond Intractibility. Boulder, USA: University of Colorado, 
2003. http://www.beyondintractability.org/essay/distributive-justice (accessed Nov 30, 2016). 
611. Cuyler AJ. Economics abd ethics in health care. Journal of Medical Ethics. 2001;27:217-22. 
612. Dolan P, Olsen JA. Distributing Health Care. Economic and Ethical Issues. . Oxford, United 
Kingdom: Oxford University Press; 2002. 
613. Chatterjee C, Srinivasan V. Ethical issues in health care sector in India. IIMB Management 
Review. 2013;25:49-62. 
614. Tinghog G. The Art of Saying No. The Economics and Ethics of Healthcare Rationing. 
Linkoping, Sweden: Linkoping University, 2011. http://liu.diva-
portal.org/smash/get/diva2:395442/FULLTEXT01.pdf (accessed Nov 30, 2016). 
615. Broome J, editor Why economics needs ethical theory? British Association for the Advancement 
of Science; 2000. 
http://users.ox.ac.uk/~sfop0060/pdf/Why%20economics%20needs%20ethical%20theory.pdf (accessed 
Nov 30, 2016^); London, United Kingdom. 
616. Stolk E, Busschbach J. In: meet? EaeihcWct, editor. Between technology abd humanity The 
impact of technology on health care ethics. Leuven, Belgium: Leuven University Press; 2002. 
617. Moosavi SR, Mousavi SM, Heydari A, Mehdikhah Z. Role of medical ethics in health economics. 
Int J Med Med Sci. 2010;2(12):387-90. 
618. Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D, et al. Consolidated 
Health Economic Evaluation Reporting Standards (CHEERS) statement. Cost Eff Resour Alloc. 
2013;11(1):1478-7547. 
619. Jewkes RK, Levin JB, Penn-Kekana LA. Gender inequalities, intimate partner violence and HIV 
preventive practices: findings of a South African cross-sectional study. Soc Sci Med. 2003;56(1):125-34. 
620. Ketchen B, Armistead L, Cook S. HIV infection, stressful life events, and intimate relationship 
power: the moderating role of community resources for black South African women. Women Health. 
2009;49(2-3):197-214. 
621. De Vuyst H, Alemany L, Lacey C, Chibwesha CJ, Sahasrabuddhe V, Banura C, et al. The burden 
of human papillomavirus infections and related diseases in sub-saharan Africa. Vaccine. 2013;29(31):092. 
622. Audisio RA, Icardi G, Isidori AM, Liverani CA, Lombardi A, Mariani L, et al. Public health 
value of universal HPV vaccination. Crit Rev Oncol Hematol. 2015;4(15):30015-9. 
299 
 
623. Schackman BR, Eggman AA. Cost-effectiveness of pre-exposure prophylaxis for HIV: a review. 
Current opinion in HIV and AIDS. 2012;7(6):587-92. 
624. Scuffham PA, Whitty JA, Mitchell A, Viney R. The use of QALY weights for QALY 
calculations: a review of industry submissions requesting listing on the Australian Pharmaceutical 
Benefits Scheme 2002-4. PharmacoEconomics. 2008;26(4):297-310. 
625. Long EF, Stavert RR. Portfolios of biomedical HIV interventions in South Africa: a cost-
effectiveness analysis. J Gen Intern Med. 2013;28(10):1294-301. 
626. Herrero R, Hildesheim A, Rodriguez AC, Wacholder S, Bratti C, Solomon D, et al. Rationale and 
design of a community-based double-blind randomized clinical trial of an HPV 16 and 18 vaccine in 
Guanacaste, Costa Rica. Vaccine. 2008;26(37):4795-808. 
627. Schwarz TF, Spaczynski M, Schneider A, Wysocki J, Galaj A, Perona P, et al. Immunogenicity 
and tolerability of an HPV-16/18 AS04-adjuvanted prophylactic cervical cancer vaccine in women aged 
15-55 years. Vaccine. 2009;27(4):581-7. 
628. Pedersen C, Petaja T, Strauss G, Rumke HC, Poder A, Richardus JH, et al. Immunization of early 
adolescent females with human papillomavirus type 16 and 18 L1 virus-like particle vaccine containing 
AS04 adjuvant. The Journal of adolescent health : official publication of the Society for Adolescent 
Medicine. 2007;40(6):564-71. 
629. Petaja T, Keranen H, Karppa T, Kawa A, Lantela S, Siitari-Mattila M, et al. Immunogenicity and 
safety of human papillomavirus (HPV)-16/18 AS04-adjuvanted vaccine in healthy boys aged 10-18 years. 
The Journal of adolescent health : official publication of the Society for Adolescent Medicine. 
2009;44(1):33-40. 
630. Romanowski B, Schwarz TF, Ferguson LM, Peters K, Dionne M, Schulze K, et al. 
Immunogenicity and safety of the HPV-16/18 AS04-adjuvanted vaccine administered as a 2-dose 
schedule compared with the licensed 3-dose schedule: results from a randomized study. Human vaccines. 
2011;7(12):1374-86. 
631. Herrero R, Gonzalez P, Markowitz LE. Present status of human papillomavirus vaccine 
development and implementation. Lancet Oncol. 2015;16(5):70481-4. 
632. Gafni A. Willingness-to-pay (WTP): the new-old kid on the economic evaluation block. Can J 
Nurs Res. 2001;33(1):59-64. 
633. Tengs TO, Lin TH. A Meta-Analysis of Utility Estimates for HIV/AIDS. Medical decision 
making : an international journal of the Society for Medical Decision Making. 2002;22(6):475-81. 
634. Braverman PK, Breech L. American Academy of Pediatrics. Clinical report--gynecologic 
examination for adolescents in the pediatric office setting. Pediatrics. 2010;126(3):583-90. 
300 
 
635. Ying H, Jing F, Fanghui Z, Youlin Q, Yali H. High-risk HPV nucleic acid detection kit–the 
careHPV test –a new detection method for screening. Scientific Reports. 2014;4:4704. 
636. Moodley M. Cervical cancer in Southern Africa: The challenges. South Afr J Gynaecol Oncol. 
2009;1(1):11-3. 
637. Statistics South Africa. Mid-year population estimates 2014. Pretoria, South Africa: Statistics 
South Africa; 2014 http://www.statssa.gov.za/publications/P0302/P03022014.pdf (accessed Sep 09, 
2015). 
638. National Department of Health.HM08-2013SYR: The supply and delivery hypodermic syringes, 
needles and bloodletting devices to the Department of Health for the period 01 December 2013 to 
November 2015. Pretoria, South Africa: National Department of Health; 2013. 
http://www.health.gov.za/tender/docs/contructs/HM08-2013SYR.pdf (accessed Mar 23, 2015). 
639. National Department of Health. HM09-2014RTK: Supply and delivery of rapid test kits to the 
Department of Health for the period 1 April 2014 to 31 March 2017. Pretoria, South Africa: National 
Department of Health; 2014. http://www.health.gov.za/tender/docs/contructs/HM09-
2014RTKCONTRACTCIRCULAR.pdf (accessed Mar 23, 2015). 
640. National Department of Health. Approved UPFS 2014 Fee Schedule for Externally Funded 
Patients Treated at Differentiated Amenities (Private Wards at Public Health Care Facilities). Pretoria, 
South Africa: National Department of Health; 2014. 
http://www.healthinquiry.net/Public%20Submissions/BHF%20AnnexureF.pdf (accessed Mar 23, 2015). 
641. National Department of Health. HM01-2012CNDM: Supply and delivery of male and female 
condoms to the Department of Health from 1 December 2012 to 30 November 2014. Pretoria, South 
Africa: National Deprtment of Health; 2012. 
http://www.health.gov.za/tender/docs/contructs/HM012012CNDM02Contracts.pdf (accessed Mar 23, 
2015). 
642. National Department of Health. HP03-2013FP: Supply and delivery of family planing agents to 
the Department of Health for the period 1 October 2013 to 30 September 2015. Pretoria, South Africa: 
National Department of Health; 2013. http://www.health.gov.za/tender/docs/contructs/HP03-2013FP.pdf 
(accessed Mar 23, 2015). 
643. National Health Laboratory Services. State pricing catalogue 2013. Pretoria, South Africa2013. 
http://www.nhls.ac.za/ (accessed Nov 23, 2015). 
644. Kardas-Nelson M, Goswami S. Upping the competition. NSP review. 2013 6 
http://www.nspreview.org/wp-content/uploads/2014/06/NSP-review-6-web.pdf (accessed Jan 09, 2014). 
(May-June):26-9. 
645. National Department of Health. Database of Medicine Prices 12 March 2105. Single Exit Price 
Documents. Pretoria, South Africa: National Department of Health; 2015. 
http://www.health.gov.za/index.php/single-exit-price-documents (accessed Feb 23, 2016). 
301 
 
646. Harling G, Wood R. The evolving cost of HIV in South Africa: changes in health care cost with 
duration on antiretroviral therapy for public sector patients. J Acquir Immune Defic Syndr. 
2007;45(3):348-54. 
647. Castellsague X. Natural history and epidemiology of HPV infection and cervical cancer. 
Gynecologic oncology. 2008;110(3 Suppl 2):045. 
648. Juckett G, Hartman-Adams H. Human papillomavirus: clinical manifestations and prevention. 
Am Fam Physician. 2010;82(10):1209-13. 
649. Granich R, Kahn JG, Bennett R, Holmes CB, Garg N, Serenata C, et al. Expanding ART for 
treatment and prevention of HIV in South Africa: estimated cost and cost-effectiveness 2011-2050. PloS 
one. 2012;7(2):13. 
650. Richter K. Implementation of HPV vaccination in South Africa. Public Health Association of 
South Africa [Internet]. 2015. https://www.phasa.org.za/implementation-hpv-vaccination-south-africa/ 
(accessed Nov 01, 2015). 
651. Wang C, Wright TC, Denny L, Kuhn L. Rapid rise in detection of human papillomavirus (HPV) 
infection soon after incident HIV infection among South African women. The Journal of infectious 
diseases. 2011;203(4):479-86. 
652. Rositch AF, Gravitt PE, Smith JS. Growing evidence that HPV infection is associated with an 
increase in HIV acquisition: exploring the issue of HPV vaccination. Sexually transmitted infections. 
2013;89(5):2012-050870. 
653. Clarke B, Chetty R. Postmodern cancer: the role of human immunodeficiency virus in uterine 
cervical cancer. Mol Pathol. 2002;55(1):19-24. 
654. Averbach SH, Gravitt PE, Nowak RG, Celentano DD, Dunbar MS, Morrison CS, et al. The 
association between cervical human papillomavirus infection and HIV acquisition among women in 
Zimbabwe. AIDS. 2010;24(7):1035-42. 
655. Smith-McCune KK, Shiboski S, Chirenje MZ, Magure T, Tuveson J, Ma Y, et al. Type-specific 
cervico-vaginal human papillomavirus infection increases risk of HIV acquisition independent of other 
sexually transmitted infections. PloS one. 2010;5(4):0010094. 
656. Goldie SJ, Gaffikin L, Goldhaber-Fiebert JD, Gordillo-Tobar A, Levin C, Mahe C, et al. Cost-
effectiveness of cervical-cancer screening in five developing countries. N Engl J Med. 
2005;353(20):2158-68. 
657. CPI and GDP price deflator. http://www.amosweb.com (accessed Nov 01, 2015). 
658. Johnson LF. Access to antiretroviral treatment in South Africa, 2004-2011. The Southern African 
Journal of HIV Medicine. 2012;13(1):22-7. 
302 
 
659. Fox MP, Cutsem GV, Giddy J, Maskew M, Keiser O, Prozesky H, et al. Rates and predictors of 
failure of first-line antiretroviral therapy and switch to second-line ART in South Africa. J Acquir 
Immune Defic Syndr. 2012;60(4):428-37. 
660. Murphy RA, Sunpath H, Castilla C, Ebrahim S, Court R, Nguyen H, et al. Second-line 
antiretroviral therapy: long-term outcomes in South Africa. J Acquir Immune Defic Syndr. 
2012;61(2):158-63. 
661. Denny L. Cervical cancer in South Africa: An overview of current status and preventions 
strategies. CME. 2010;28(2):70 - 3. 
662. De Vincenzo R, Conte C, Ricci C, Scambia G, Capelli G. Long-term efficacy and safety of 
human papillomavirus vaccination. Int J Womens Health. 2014;6:999-1010. 
663. Inadomi JM. Decision analysis and economic modelling: a primer. Eur J Gastroenterol Hepatol. 
2004;16(6):535-42. 
664. Gafni A. Willingness to pay in the context of an economic evaluation of healthcare programs: 
theory and practice. Am J Manag Care. 1997;3(32):S21-32. 
665. World Health Organization. WHO methods for life expectancy and healthy life expectancy. 
Global Health Estimates Technical Paper WHO/HIS/HSI/GHE/2014.5. Geneva, Switzerland: World 
Health Organisation, 2014. http://www.who.int/healthinfo/statistics/LT_method.pdf (accessed Nov 01, 
2015). 
666. Gardner JW, Sanborn JS. Years of potential life lost (YPLL)--what does it measure? 
Epidemiology. 1990;1(4):322-9. 
667. National Department of Health. South African National Implementation Guidelines for Medical 
Male Circumcision. Pretoria, South Africa: National Department of Health; 2011 
https://www.devex.com/projects/tenders/voluntary-medical-male-circumcision-service-delivery-and-
technical-assistance-project-in-south-africa/75903 (accessed Nov 12, 2015). 
668. Ozawa S, Mirelman A, Stack ML, Walker DG, Levine OS. Cost-effectiveness and economic 
benefits of vaccines in low- and middle-income countries: a systematic review. Vaccine. 2012;31(1):96-
108. 
669. Jacob M, Bradley J, Barone MA. HPV vaccines: what does the future hold for preventing cervical 
cancer in resource-poor settings through immunization programs? Sex Transm Dis. 2005;32:635-40. 
670. Ault K, Reisinger K. Programmatic issues in the implementation of an HPV vaccination 
programme to prevent cervical cancer. Int J Infect Dis. 2007;11(2):S26-S8. 
671. Bugenske E, Stokley S, Kennedy A, Dorell C. Middle school vaccination requirements and 
adolescent vaccination coverage. Pediatrics. 2012;129(6):1056-63. 
303 
 
672. Gray A, Conradie F, Crowley T, Gaede B, Gils T, Shroufi A, et al. Improving access to 
antiretrovirals in rural South Africa - a call to action. S Afr Med J. 2015;105(8):638-9. 
673. Roth JA, Billings P, Ramsey SD, Dumanois R, Carlson JJ. Cost-effectiveness of a 14-Gene Risk 
Score Assay to Target Adjuvant Chemotherapy in Early Stage Non-Squamous Non-Small Cell Lung 
Cancer. The oncologist. 2014;19:466-76. 
674. World Health Organisation. Annual WHO/UNICEF Joint Reporting Form and WHO Regional 
office reports (Updates of 2013/July/13). Geneva, Switzerland: World Health Organization, 2013. 
http://www.who.int/immunization/monitoring_surveillance/routine/reporting/reporting/en/ (accessed Jun 
06, 2015). 
675. Shearer JC, Stack ML, Richmond MR, Bear AP, Hajjeh RA, Bishai DM. Accelerating policy 
decisions to adopt haemophilus influenzae type B vaccine: a global, multivariable analysis. PLoS 
medicine. 2010;7(3):1000249. 
676. Nguyen A, Datta SD, Schwalbe N, Summers D, Adlide G. Working towards affordable pricing 
for HPV vaccines for developing countries: The role of GAVI. 2011. 
677. Groenewald P, Nannan N, Bourne D, Laubscher R, Bradshaw D. Identifying deaths from AIDS 
in South Africa. AIDS. 2005;19:193-201. 
678. Statistics South Africa. Mortality and causes of death in South Africa, 2012: Findings from death 
notification. Pretoria, South Africa. : Statistics South Africa. ; 2014 
http://www.statssa.gov.za/publications/P03093/P030932012.pdf (accessed Oct 12, 2014). . 
679. Skingsley A, Takuva S, Brown A, Delpech V, Puren A. Monitoring HIV-related mortality in 
South Africa: The challenges and urgency. Communicable Diseases Surveillance Bulletin. 2014;12:116-
20. 
680. Badri M, Maartens G, Mandalia S, Bekker LG, Penrod JR, Platt RW, et al. Cost-effectiveness of 
highly active antiretroviral therapy in South Africa. PLoS medicine. 2006;3(1):e4. 
681. Volmink HC, Bertram MY, Jina R, Wade AN, Hofman KJ. Applying a private sector capitation 
model to the management of type 2 diabetes in the South African public sector: a cost-effectiveness 
analysis. BMC health services research. 2014;14(444). 
682. Hedden L, O'Reilly S, Lohrisch C, Chia S, Speers C, Kovacic L, et al. Assessing the real-world 
cost-effectiveness of adjuvant trastuzumab in HER-2/neu positive breast cancer. The oncologist. 
2012;17(2):164-71. PubMed PMID: 22302231. Pubmed Central PMCID: 3286164. Epub 2012/02/04. 
eng. 
683. Bos JM, Postma MJ. The economics of HIV vaccines: projecting the impact of HIV vaccination 
of infants in sub-Saharan Africa. PharmacoEconomics. 2001;19(9):937-46. 
304 
 
684. Leelahavarong P, Teerawattananon Y, Werayingyong P, Akaleephan C, Premsri N, Namwat C, et 
al. Is a HIV vaccine a viable option and at what price? An economic evaluation of adding HIV 
vaccination into existing prevention programs in Thailand. BMC public health. 2011;11:534. PubMed 
PMID: 21729309. Pubmed Central PMCID: 3224093. Epub 2011/07/07. eng. 
685. Owens DK, Edwards DM, Cavallaro JF, Schachter RD. The Cost Effectiveness of Partially 
Effective HIV Vaccines. In: Brandeau ML, Sainfort F, Pierskalla WP, editors. Operations Research and 
Health Care - A Handbook of Methods and Applications. International Series in Operations Research & 
Management Science. 70: Springer US; 2004. p. 403-18. 
686. Amirfar S, Hollenberg JP, Abdool Karim SS. Modeling the Impact of a Partially Effective HIV 
Vaccine on HIV Infection and Death Among Women and Infants in South Africa. J Acquir Immune Defic 
Syndr. 2006;43:219-25. 
687. Andersson KM, Paltiel AD, Owens DK. The potential impact of an HIV vaccine with rapidly 
waning protection on the epidemic in Southern Africa: examining the RV144 trial results. Vaccine. 
2011;29(36):6107-12. 
688. Phillips AN, Cambiano V, Nakagawa F, Ford D, Lundgren JD, Roset-Bahmanyar E, et al. 
Potential Future Impact of a Partially Effective HIV Vaccine in a Southern African Setting. PloS one. 
2014;9(9):e107214. 
689. Savedoff WD. What should a country spend on health care? Health Aff. 2007;26(4):962-70. 
690. Long EF, Owens DK. The cost-effectiveness of a modestly effective HIV vaccine in the United 
States. Vaccine. 2011 Aug 18;29(36):6113-24. PubMed PMID: 21510996. Pubmed Central PMCID: 
3156325. Epub 2011/04/23. eng. 
691. Moorhouse M. Closer to zero: relections on ten years of ART rollout. S Afr J HIV Med. 
2014;15(1):9. 
692. Lesedi C, Hoque ME, Ntuli-Ngcobo B. Youth’s Perception towards Sexual and Reproductive 
Health Services at Family Welfare Association Centres in Botswana. J Soc Sci. 2011;28(2):137-43. 
693. Salomon JA, Mathers CD, Murray CJL, Ferguson B. Methods for life expectancy and healthy life 
expectancy uncertainty analysis. Global Programme on Evidence for Health Policy Working Paper No. 
10. Geneva: World Health Organization, 2001. 
694. Mills J. Historic and Projected Mortality Data from the Period and Cohort Life Tables, 2012- 
based, UK, 1981 - 2062: Statistical Bulletin. United Kingdom: Office for National Statistics, 2013. 
http://webarchive.nationalarchives.gov.uk/20160105160709/http://www.ons.gov.uk/ons/rel/lifetables/hist
oric-and-projected-data-from-the-period-and-cohort-life-tables/2012-based/stb-2012-based.html (accessed 
Nov 23, 2015). 
695. De Wet N, Oluwaseyi S, Odimegwu C. Youth mortality due to HIV/AIDS in South Africa, 2001-
2009: an analysis of the levels of mortality using life table techniques. Afr J AIDS Res. 2014;13(1):13-20. 
305 
 
696. Dranger E, Remington P. YPLL: A Summary Measure of Premature Mortality Used in 
Measuring the Health of Communities. Wisconsin Public Health & Health Policy Institute Issue Brief. 
2004;5(7). 
697. Jain SK. Recent trends in mortality in Australia--an analysis of the causes of death through the 
application of life table techniques. J Aust Popul Assoc. 1992;9(1):1-23. 
698. Bekker LG, Johnson L, Wallace M, Hosek S. Building our youth for the future. Journal of the 
International AIDS Society. 2015;18(2 Suppl 1):20027. 
699. Nagelkerke NJD, Hontelez JAC, de Vlas S. The potential impact of an HIV vaccine with limited 
protection on HIV incidence in Thailand: A modeling study. Vaccine. 2011;29:6079-85. 
700. Schneider K, Kerr CC, Hoare A, Wilson DP. Expected epidemiological impacts of introducing an 
HIV vaccine in Thailand: A model-based analysis. Vaccine. 2011;29:6086-91. 
701. Andersson KM, Stover J. The potential impact of a moderately effective HIV vaccine with 
rapidly waning protection in South Africa and Thailand. Vaccine. 2011 Aug 18;29(36):6092-9. 
702. Newman PA, Logie C. HIV vaccine acceptability: a systematic review and meta-analysis. AIDS. 
2010;24(11):1749-56. 
703. Andersson KM, Vardas E, Niccolai LM, Van Niekerk RM, Mogale MM, Holdsworth IM, et al. 
Anticipated changes in sexual behaviour following vaccination with a low-efficacy HIV vaccine: survey 
results from a South African township. International journal of STD & AIDS. 2012;23(10):736-41. 
704. Levine AM. AIDS-related malignancies: the emerging epidemic. Journal of the National Cancer 
Institute. 1993;85(17):1382-97. 
705. Seto K, Marra F, Raymakers A, Marra CA. The cost effectiveness of human papillomavirus 
vaccines: a systematic review. Drugs. 2012;72(5):715-43. 
706. National Department of Health. Essential Drugs Programme [Internet]. Pretoria2012. 
707. Harris B, Goudge J, Ataguba JE, McIntyre D, Nxumalo N, Jikwana S, et al. Inequities in access 
to health care in South Africa. Journal of Public Health Policy. 2011;32:S102-23. 
708. Kawonga M, Fonn S. Achieving effective cervical screening coverage in South Africa through 
human resources and health systems development. Reproductive Health Matters. 2008;16(32):32-40. 
709. Jit M, Brisson M, Portnoy A, Hutubessy R. Cost-effectiveness of female human papillomavirus 
vaccination in 179 countries: a PRIME modelling study. Lancet Glob Health. 2014;2(7):70237-2. 
306 
 
710. Ahdieh L, Munoz A, Vlahov D, Trimble CL, Timpson LA, Shah K. Cervical neoplasia and 
repeated positivity of human papillomavirus infection in human immunodeficiency virus-seropositive and 
-seronegative women. American journal of epidemiology. 2000;151(12):1148-57. 
711. Branca M, Garbuglia AR, Benedetto A, Cappiello T, Leoncini L, Migliore G, et al. Factors 
predicting the persistence of genital human papillomavirus infections and PAP smear abnormality in 
HIV-positive and HIV-negative women during prospective follow-up. International journal of STD & 
AIDS. 2003;14(6):417-25. 
712. Jamieson DJ, Duerr A, Burk R, Klein RS, Paramsothy P, Schuman P, et al. Characterization of 
genital human papillomavirus infection in women who have or who are at risk of having HIV infection. 
American journal of obstetrics and gynecology. 2002;186(1):21-7. 
713. Firnhaber C, Zungu K, Levin S, Michelow P, Montaner LJ, McPhail P, et al. Diverse and high 
prevalence of human papillomavirus associated with a significant high rate of cervical dysplasia in human 
immunodeficiency virus-infected women in Johannesburg, South Africa. Acta Cytol. 2009;53(1):10-7. 
714. Blakely T, Kvizhinadze G, Karvonen T, Pearson AL, Smith M, Wilson N. Cost-effectiveness and 
equity impacts of three HPV vaccination programmes for school-aged girls in New Zealand. Vaccine. 
2014;32(22):2645-56. 
715. Kreimer AR, Struyf F, Del Rosario-Raymundo MR, Hildesheim A, Skinner SR, Wacholder S, et 
al. Efficacy of fewer than three doses of an HPV-16/18 AS04-adjuvanted vaccine: combined analysis of 
data from the Costa Rica Vaccine and PATRICIA trials. Lancet Oncol. 2015;16(7):775-86. 
716. Vardas E, Giuliano AR, Goldstone S, Palefsky JM, Moreira ED, Jr., Penny ME, et al. External 
genital human papillomavirus prevalence and associated factors among heterosexual men on 5 continents. 
The Journal of infectious diseases. 2011;203(1):58-65. 
717. Siegfried N, Muller M, Deeks JJ, Volmink J. Male circumcision for prevention of heterosexual 
acquisition of HIV in men. Cochrane Database Syst Rev. 2009;15(2). 
718. Folkers GK, Fauci AS. Controlling and ultimately ending the HIV/AIDS pandemic: a feasible 
goal. JAMA : the journal of the American Medical Association. 2010;304(3):350-1. 
719. Kurth AE, Celum C, Baeten JM, Vermund SH, Wasserheit JN. Combination HIV prevention: 
significance, challenges, and opportunities. Curr HIV/AIDS Rep. 2011;8(1):62-72. 
720. Doblecki-Lewis S, Kolber MA. Preventing HIV infection: pre-exposure and postexposure 
prophylaxis. IUBMB Life. 2014;66(7):453-61. 
721. Alistar SS, Grant PM, Bendavid E. Comparative effectiveness and cost-effectiveness of 
antiretroviral therapy and pre-exposure prophylaxis for HIV prevention in South Africa. BMC medicine. 
2014;12(46):1741-7015. 
307 
 
722. Jewell BL, Cremin I, Pickles M, Celum C, Baeten JM, Delany-Moretlwe S, et al. Estimating the 
cost-effectiveness of pre-exposure prophylaxis to reduce HIV-1 and HSV-2 incidence in HIV-
serodiscordant couples in South Africa. PloS one. 2015;10(1). 
723. Baeten JM, Richardson BA, Lavreys L, Rakwar JP, Mandaliya K, Bwayo JJ, et al. Female-to-
male infectivity of HIV-1 among circumcised and uncircumcised Kenyan men. The Journal of infectious 
diseases. 2005;191(4):546-53. 
724. Drain PK, Halperin DT, Hughes JP, Klausner JD, Bailey RC. Male circumcision, religion, and 
infectious diseases: an ecologic analysis of 118 developing countries. BMC infectious diseases. 
2006;6:172. 
725. Halperin DT, Bailey RC. Male circumcision and HIV infection: 10 years and counting. Lancet. 
1999;354(9192):1813-5. 
726. Uthman OA, Popoola TA, Uthman MM, Aremu O. Economic evaluations of adult male 
circumcision for prevention of heterosexual acquisition of HIV in men in sub-Saharan Africa: a 
systematic review. PloS one. 2010;5(3):0009628. 
727. Millett GA, Flores SA, Marks G, Reed JB, Herbst JH. Circumcision status and risk of HIV and 
sexually transmitted infections among men who have sex with men: a meta-analysis. JAMA : the journal 
of the American Medical Association. 2008;300(14):1674-84. 
728. Mills E, Cooper C, Anema A, Guyatt G. Male circumcision for the prevention of heterosexually 
acquired HIV infection: a meta-analysis of randomized trials involving 11,050 men. HIV Med. 
2008;9(6):332-5. 
729. Moses S, Plummer FA, Bradley JE, Ndinya-Achola JO, Nagelkerke NJ, Ronald AR. The 
association between lack of male circumcision and risk for HIV infection: a review of the epidemiological 
data. Sex Transm Dis. 1994;21(4):201-10. 
730. World Health Organization. Progress in scale-ip of male circumcision for HIV prevention in 
Eastern and Southern Africa: Focus on service delivery. Geneva, Switzerland: 2011 
http://apps.who.int/iris/bitstream/10665/44741/1/9789241502511_eng.pdf (accessed Jan 13, 2015). 
731. Williams BG, Lloyd-Smith JO, Gouws E, Hankins C, Getz WM, Hargrove J, et al. The potential 
impact of male circumcision on HIV in Sub-Saharan Africa. PLoS medicine. 2006;3(7). 
732. Botha MH, Richter KL. Cervical cancer prevention in South Africa: HPV vaccination and 
screening both essential to achieve and maintain a reduction in incidence. S Afr Med J. 2015;105(1):33-4. 
733. Excler JL, Rida W, Priddy F, Gilmour J, McDermott AB, Kamali A, et al. AIDS vaccines and 
preexposure prophylaxis: is synergy possible? AIDS research and human retroviruses. 2011;27(6):669-
80. 
308 
 
734. National Department of Health. HP13-2015ARV: Supply and delivery of anti retroviral 
medicines to the Department of Health for the period 1 April 2015 to 31 March 2018. Pretoria, South 
Africa. 2015 http://www.health.gov.za/index.php/2015-05-15-12-36-34 (accessed Jan 15, 2016). 
735. Kim HY, Lebina L, Milovanovic M, Taruberekera N, Dowdy DW, Martinson NA. Evaluating the 
cost of adult voluntary medical male circumcision in a mixed (surgical and PrePex) site compared to a 
hypothetical PrePex-only site in South Africa. Glob Health Action. 2015;8(29116). 
736. Bekker L-G, Rebe K, Venter F, Maartens G, Moorhouse M, Conradie F. Southern African 
guidelines on the safe use of pre-exposure prophylaxis in persons at risk of acquiring HIV-1 infection. S 
Afr J HIV Med. 2016;17(1):11. 
737. Cohen MS, Baden LR. Preexposure prophylaxis for HIV--where do we go from here? N Engl J 
Med. 2012;367(5):459-61. 
738. Hankins C, Forsythe S, Njeuhmeli E. Voluntary Medical Male Circumcision: An Introduction to 
the Cost, Impact, and Challenges of Accelerated Scaling Up. PLoS medicine. 2011;8(11):e1001127. 
739. Venter F, Rees H, Pillay Y, Simelela N, Mbengashe T, Geffen N, et al. The medical proof doesn’t 
get much better than VMMC. S Afr Med J. 2012;102(3):124-5. 
740. Joint United Nations Programme on HIV/AIDS. How AIDS changed everything.MDG 6: 15 
years, 15 lessons of hope from the AIDS response. Geneva, Switzerland: UNAIDS, 2015 
http://www.unaids.org/sites/default/files/media_asset/MDG6Report_en.pdf (accessed Jan 01, 2016). 
741. Harmon TM, Fisher KA, McGlynn MG, Stover J, Warren MJ, Teng Y, et al. Exploring the 
Potential Health Impact and Cost-Effectiveness of AIDS Vaccine within a Comprehensive HIV/AIDS 
Response in Low- and Middle-Income Countries. PloS one. 2016;11(1). 
742. Galarraga O, Colchero MA, Wamai RG, Bertozzi SM. HIV prevention cost-effectiveness: a 
systematic review. BMC public health. 2009;18(9):1471-2458. 
743. Stover J, Bollinger L, Hecht R, Williams C, Roca E. The impact of an AIDS vaccine in 
developing countries: a new model and initial results. Health Aff. 2007;26(4):1147-58. 
744. Berndt ER, Glennerster R, Kremer MR, Lee J, Levine R, Weizsacker G, et al. Advance market 
commitments for vaccines against neglected diseases: estimating costs and effectiveness. Health Econ. 
2007;16(5):491-511. 
745. Joint United Nations Programme on HIV/AIDS. World AIDS Day 2015. on the Fast-Track to end 
AIDS by 2030. Focus on location and population. Geneva, Switzerland: 2015 
http://www.unaids.org/sites/default/files/media_asset/WAD2015_report_en_part01.pdf (accessed Jan 09, 
2016). 
309 
 
746. Raymond A, Hill A, Pozniak A. Large disparities in HIV treatment cascades between eight 
European and high-income countries - analysis of break points. Journal of the International AIDS Society. 
2014;17(4 Suppl 3). 
747. Scott HM, Klausner JD. Sexually transmitted infections and pre-exposure prophylaxis: challenges 
and opportunities among men who have sex with men in the US. AIDS Res Ther. 2016;13(5):016-0089. 
748. Keller SB, Smith DM. The price of tenofovir-emtricitabine undermines the cost-effectiveness and 
advancement of pre-exposure prophylaxis. AIDS. 2011;25(18):2308-10. 
749. Lee DH, Vielemeyer O. Preexposure chemoprophylaxis for HIV prevention. N Engl J Med. 
2011;364(14):1372-3. 
750. Haire B. Considering Pre-Exposure Prophylaxis: Do the Pros Outweigh the Cons as an HIV 
Prevention Strategy? LGBT Health. 2014;1(4):253-5. 
751. Seidman D, Carlson K, Weber S, Witt J, Kelly PJ. United States family planning providers' 
knowledge of and attitudes towards pre-exposure prophylaxis for HIV prevention: A national survey. 
Contraception. 2016;6(15):30006-8. 
752. Knight R, Small W, Carson A, Shoveller J. Complex and Conflicting Social Norms: Implications 
for Implementation of Future HIV Pre-Exposure Prophylaxis (PrEP) Interventions in Vancouver, Canada. 
PloS one. 2016;11(1). 
753. Koodibetse KG. HIV/AIDS stigma and discrimination in South Africa--still a problem. S Afr 
Med J. 2015;105(9):703. 
754. Treves-Kagan S, Steward WT, Ntswane L, Haller R, Gilvydis JM, Gulati H, et al. Why increasing 
availability of ART is not enough: a rapid, community-based study on how HIV-related stigma impacts 
engagement to care in rural South Africa. BMC public health. 2016;16(1):016-2753. 
755. Gilbert L. 'The mercurial piece of the puzzle': Understanding stigma and HIV/AIDS in South 
Africa. Sahara J. 2016;13(1):8-16. 
756. Toledo L, McLellan-Lemal E, Henderson FL, Kebaabetswe PM. Knowledge, Attitudes, and 
Experiences of HIV Pre-Exposure Prophylaxis (PrEP) Trial Participants in Botswana. World J AIDS. 
2015;5(2):10-20. 
757. Uthman OA, Popoola TA, Yahaya I, Uthman MM, Aremu O. The cost-utility analysis of adult 
male circumcision for prevention of heterosexual acquisition of HIV in men in sub-Saharan Africa: a 
probabilistic decision model. Value in health : the journal of the International Society for 
Pharmacoeconomics and Outcomes Research. 2011;14(1):70-9. 
758. Harrison A, Cleland J, Frohlich J. Young People’s Sexual Partnerships in KwaZulu/Natal, South 
Africa: Patterns, Contextual Influences, and HIV Risk. Stud Fam Plann. 2008;39(4):295-308. 
310 
 
759. Mah TL, Maughan-Brown B. Social and cultural contexts of concurrency in a township in Cape 
Town, South Africa. Cult Health Sex. 2013;15(2):135-47. 
760. United Nations Children's Fund. Global Initiative on Out-of-School Children. Montreal, Canada: 
United Nations Educational, Scientific and Cultural Organization Institute for Statistics, 2012. 
http://www.uis.unesco.org/Education/Pages/out-of-school-children.aspx (accessed Jan 02, 2016). 
761. UNESCO Institute for Statistics, “Reaching Out-of-School Adolescents Is Crucial for 
Development”, UIS Fact Sheet No. 18 (June 2012). Paris, France: Education for All Global Monitoring 
Report 2012. http://unesdoc.unesco.org/images/0021/002165/216519E.pdf (accessed Jan 02, 2016). 
762. Hope R. Addressing Cross-Generational Sex: A Desk Review of Research and Programs 
Washington DC, USA: Population Reference Bureau, 2007. 
http://www.prb.org/Publications/Reports/2007/addressingcrossgenerationalsex.aspx (accessed Jan 02, 
2016). 
763. Campbell C, MacPhail C. Peer education, gender and the development of critical consciousness: 
participatory HIV prevention by South African youth. Soc Sci Med. 2002;55(2):331-45. 
764. Eaton L, Flisher AJ, Aaro LE. Unsafe sexual behaviour in South African youth. Soc Sci Med. 
2003;56(1):149-65. 
765. Abdool Karim Q, Abdool Karim SS, Singh B, Short R, Ngxongo S. Seroprevalence of HIV 
infection in rural South Africa. AIDS. 1992;6(12):1535-9. 
766. Anderson KG, Beutel AM, Maughan-Brown B. HIV risk perceptions and first sexual intercourse 
among youth in Cape Town South Africa. Int Fam Plan Perspect. 2007;33(3):98-105. 
767. Idele P, Gillespie A, Porth T, Suzuki C, Mahy M, Kasedde S, et al. Epidemiology of HIV and 
AIDS among adolescents: current status, inequities, and data gaps. J Acquir Immune Defic Syndr. 
2014;1(66):0000000000000176. 
768. Maswanya ES, Moji K, Horiguchi I, Nagata K, Aoyagi K, Honda S, et al. Knowledge, risk 
perception of AIDS and reported sexual behaviour among students in secondary schools and colleges in 
Tanzania. Health Educ Res. 1999;14(2):185-96. 
769. Barden-O'Fallon JL, deGraft-Johnson J, Bisika T, Sulzbach S, Benson A, Tsui AO. Factors 
associated with HIV/AIDS knowledge and risk perception in rural Malawi. AIDS and behavior. 
2004;8(2):131-40. 
770. MacPhail C, Campbell C. 'I think condoms are good but, aai, I hate those things': condom use 
among adolescents and young people in a Southern African township. Soc Sci Med. 2001;52(11):1613-
27. 
771. Macintyre K, Rutenberg N, Brown L, Karim A. Understanding perceptions of HIV risk among 
adolescents in KwaZulu-Natal. AIDS and behavior. 2004;8(3):237-50. 
311 
 
772. Sarker M, Milkowski A, Slanger T, Gondos A, Sanou A, Kouyate B, et al. The role of HIV-
related knowledge and ethnicity in determining HIV risk perception and willingness to undergo HIV 
testing among rural women in Burkina Faso. AIDS and behavior. 2005;9(2):243-9. 
773. Tillotson J, Maharaj P. Barriers to HIV/AIDS protective behavior among African adolescent 
males in township secondary schools in Durban, South Africa. Society in Transition. 2001;32(1):83-100. 
774. Fairlie L, Sipambo N, Fick C, Moultrie H. Focus on adolescents with HIV and AIDS. S Afr Med 
J. 2014;104(12):897. 
775. Jaspan HB, Li R, Johnson L, Bekker L-G. The emerging need for adolescent-focused HIV care in 
South africa. The Southern African Journal of HIV Medicine. 2009;10(4):9-11. 
776. Coovadia H, Mantell JE. Adolescents and HIV in sub-Saharan Africa: a timely issue and missed 
opportunity. Clinical infectious diseases : an official publication of the Infectious Diseases Society of 
America. 2010;51(7):852-4. 
777. Agwu AL, Fairlie L. Antiretroviral treatment, management challenges and outcomes in 
perinatally HIV-infected adolescents. Journal of the International AIDS Society. 2013;16(18579):18579. 
778. World Health Organization. Youth and health risks: report by the Secretariat. 64th World Health 
Assembly. Geneva, Switzerland: World Health Organization, 2011. 
http://apps.who.int/gb/ebwha/pdf_files/WHA64/A64_25-en.pdf (accessed Jan 03, 2016). 
779. Dickson-Tetteh K, Ladha S. Youth health Durban, South Africa: Health System Trust; 2000. 
http://www.healthlink.org.za/uploads/files/chapter20_00.pdf (accessed Apr 23, 2013). 
780. Patton GC, Coffey C, Cappa C, Currie D, Riley L, Gore F, et al. Health of the world's 
adolescents: a synthesis of internationally comparable data. Lancet. 2012;379(9826):1665-75. 
781. Lloyd CB. The Role of Schools in Promoting Sexual and Reproductive Health Among 
Adolescents in Developing Countries. Working Paper No. 6. New York, USA: Population Council, 2007. 
http://www.popcouncil.org/uploads/pdfs/wp/pgy/006.pdf (accessed Jan 01, 2016). 
782. Plummer ML, Wight D, Wamoyi J, Nyalali K, Ingall T, Mshana G, et al. Are schools a good 
setting for adolescent sexual health promotion in rural Africa? A qualitative assessment from Tanzania. 
Health Educ Res. 2007;22(4):483-99. 
783. Griessel-Roux E, Ebersohn L, Smit B, Eloff I. HIV/AIDS programmes: what do learners want? 
South African Journal of Education. 2005;25:253-7. 
784. Mosia DE. How Secondary School teachers understand, respond to and implement Life 
Orientation. Pretoria, South Africa: University of Pretoria; 2011. 
http://repository.up.ac.za/bitstream/handle/2263/28484/Complete.pdf?sequence=6 (accessed Jan 02, 
2016). 
312 
 
785. Jansen J. AIDS Review 2006. Bodies Count. Pretoria, South Africa: Centre for the Study of 
AIDS, University of Pretoria, 2006. http://csa.za.org/resources/cat_view/52-aids-reviews (accessed Jan 
01, 2016). 
786. Mukoma W, Flisher AJ, Helleve A, Aaro LE, Mathews C, Kaaya S, et al. Development and test-
retest reliability of a research instrument designed to evaluate school-based HIV/AIDS interventions in 
South Africa and Tanzania. Scand J Public Health. 2009;2:7-15. 
787. James-Traore TA, Savariaud S. Teacher Training: essential for School-Based Reproductive 
Health and HIV/AIDS Education. Focus on Sub-Saharan Africa. Arlington, VA, USA: Family Health 
International, 2004. http://acquia-dev.iywg.org/sites/iywg/files/yi3.pdf (accessed Jan 01, 2016). 
788. Rijsdijk LE, Bos AE, Lie R, Leerlooijer JN, Eiling E, Atema V, et al. Implementation of The 
World Starts With Me, a comprehensive rights-based sex education programme in Uganda. Health Educ 
Res. 2014;29(2):340-53. 
789. Simbayi LC, Kalichman SC, Jooste S, Cherry C, Mfecane S, Cain D. Risk factors for HIV-AIDS 
among youth in Cape Town, South Africa. AIDS and behavior. 2005;9(1):53-61. 
790. D'Angelo LJ, Samples C, Rogers AS, Peralta L, Friedman L. HIV infection and AIDS in 
adolescents: an update of the position of the Society for Adolescent Medicine. The Journal of adolescent 
health : official publication of the Society for Adolescent Medicine. 2006;38(1):88-91. 
791. Gray G. Adolescent HIV—Cause for Concern in Southern Africa. PLoS medicine. 
2010;7(2):e1000227. 
792. Schwartlander B, Stover J, Hallett T, Atun R, Avila C, Gouws E, et al. Towards an improved 
investment approach for an effective response to HIV/AIDS. Lancet. 2011;377(9782):2031-41. 
793. Joint United Nations Programme on HIV/AIDS. Fact Sheet: Adolescents, Young People and 
HIV. Geneva, Switzerland: UNAIDS, 2012. 
http://www.unaids.org/sites/default/files/en/media/unaids/contentassets/documents/factsheet/2012/201204
17_FS_adolescentsyoungpeoplehiv_en.pdf (accessed Jan 08, 2013). 
794. Nglazi MD, Kranzer K, Holele P, Kaplan R, Mark D, Jaspan H, et al. Treatment outcomes in 
HIV-infected adolescents attending a community-based antiretroviral therapy clinic in South Africa. 
BMC infectious diseases. 2012;12(21):1471-2334. 
795. Belzer ME, Fuchs DN, Luftman GS, Tucker DJ. Antiretroviral adherence issues among HIV-
positive adolescents and young adults. The Journal of adolescent health : official publication of the 
Society for Adolescent Medicine. 1999;25(5):316-9. 
796. Murphy DA, Sarr M, Durako SJ, Moscicki AB, Wilson CM, Muenz LR. Barriers to HAART 
adherence among human immunodeficiency virus-infected adolescents. Arch Pediatr Adolesc Med. 
2003;157(3):249-55. 
313 
 
797. Murphy DA, Belzer M, Durako SJ, Sarr M, Wilson CM, Muenz LR. Longitudinal antiretroviral 
adherence among adolescents infected with human immunodeficiency virus. Arch Pediatr Adolesc Med. 
2005;159(8):764-70. 
798. Santelli JS, Smith Rogers A, Rosenfeld WD, DuRant RH, Dubler N, Morreale M, et al. 
Guidelines for adolescent health research. A position paper of the Society for Adolescent Medicine. The 
Journal of adolescent health : official publication of the Society for Adolescent Medicine. 
2003;33(5):396-409. 
799. Kurapati S, Vajpayee M, Raina M, Vishnubhatla S. Adolescents Living with HIV: An Indian 
Profile. AIDS Res Treat. 2012;576149(10):24. 
800. Setswe KG, Zuma K. ‘Young South Africans’ views on, and perceptions of, abstinence and 
faithfulness’. Health SA Gesondheid. 2009;15(1):Art. #414. 
801. Leung AK, Kellner JD, Davies HD. Genital infection with human papillomavirus in adolescents. 
Adv Ther. 2005;22(3):187-97. 
802. Omoyeni ST. Adolescents and HIV-related behaviour in Nigeria: does knowledge of HIV/AIDS 
promote protective sexual behaviour among sexually active adolescents? . African Population Studies. 
2014;27(2 Supp):331-42. 
803. Fatusi OA, Hindin MJ. Adolescents and youth in developing countries: Health and development 
issues in context. J Adolesc. 2010;33(4):499-508. 
804. United Nations Children's Fund. South Africa’s Children: A Review of Equity and Child Rights. 
Pretoria, South Africa: South African Human Rights Commission, 2011. 
http://www.unicef.org/southafrica/SAF_resources_factschildrens11.pdf (accessed Jan 03, 2016). 
805. Lam PK, Naar-King S, Wright K. Social support and disclosure as predictors of mental health in 
HIV-positive youth. AIDS Patient Care STDS. 2007;21(1):20-9. 
806. Li RJ, Jaspan HB, O'Brien V, Rabie H, Cotton MF, Nattrass N. Positive futures: a qualitative 
study on the needs of adolescents on antiretroviral therapy in South Africa. AIDS care. 2010;22(6):751-8. 
807. Onayade AA, Abiona TC, Ugbala C, Alozie G, Adetuyi O. Determinants of consistent condom 
use among adolescents and young adults attending a tertiary educational institution in Ile-Ife, Nigeria. 
Niger Postgrad Med J. 2008;15(3):185-91. 
808. Greig A, Peacock D, Jewkes R, Msimang S. Gender and AIDS: time to act. AIDS. 2008;22(2):18. 
809. Rarieya J, Sanger N, Moolman B. Gender inequalities in education in South Africa. Human 
Sciences Research Council Policy Brief. Pretoria, South Africa: HUman Sciences Research Council, 
2014. 
http://www.hsrc.ac.za/uploads/pageContent/4991/Gender%20inequalties%20in%20education%20in%20S
outh%20Africa.pdf (accessed Jan 03, 2016). 
314 
 
810. Gupta GR. How men's power over women fuels the HIV epidemic. BMJ. 2002;324(7331):183-4. 
811. Dunkle KL, Jewkes R. Effective HIV prevention requires gender-transformative work with men. 
Sex Transm Infect. 2007;83(3):173-4. 
812. Heise L, Garcia-Moreno C. Violence by intimate partners. In: Krug EG, Dahlberg LL, Mercy JA, 
Zwi AB, Lozano R, editors. World report on violence and health. Geneva, Switzerland: WHO; 2002. 
813. Gupta GR, Ogden J, Warner A. Moving forward on women's gender-related HIV vulnerability: 
the good news, the bad news and what to do about it. Glob Public Health. 2011;6(3):20. 
814. MacPherson EE, Richards E, Namakhoma I, Theobald S. Gender equity and sexual and 
reproductive health in Eastern and Southern Africa: a critical overview of the literature. Glob Health 
Action. 2014;7(23717). 
815. Tolhurst R, Raven J, Theobald S. Gender equity: perspectives on maternal and child health. In: 
Ehiri J, editor. Maternal and child health: global challenges, programs, and policies. New York, USA: 
Springer; 2009. 
816. Wamoyi J, Mshana G, Mongi A, Neke N, Kapiga S, Changalucha J. A review of interventions 
addressing structural drivers of adolescents' sexual and reproductive health vulnerability in sub-Saharan 
Africa: implications for sexual health programming. Reprod Health. 2014;11(88):1742-4755. 
817. Grunseit A, Kippax S. Joint United Nations Programme on HIV / AIDS. Impact of HIV and 
sexual health education on the sexual behaviour of young people: a review update. Geneva, Switzerland: 
UNAIDS, 1997. http://data.unaids.org/publications/IRC-pub01/jc010-impactyoungpeople_en.pdf 
(accessed Jun 02, 2015). 
818. Kirby D. Effective approaches to reducing adolescent unprotected sex, pregnancy, and 
childbearing. J Sex Res. 2002;39(1):51-7. 
819. Pettifor AE, Levandowski BA, MacPhail C, Padian NS, Cohen MS, Rees HV. Keep them in 
school: the importance of education as a protective factor against HIV infection among young South 
African women. International journal of epidemiology. 2008;37(6):1266-73. 
820. Zuurmond MA, Geary RS, Ross DA. The effectiveness of youth centers in increasing use of 
sexual and reproductive health services: a systematic review. Stud Fam Plann. 2012;43(4):239-54. 
821. Denno DM, Chandra-Mouli V, Osman M. Reaching youth with out-of-facility HIV and 
reproductive health services: a systematic review. The Journal of adolescent health : official publication 
of the Society for Adolescent Medicine. 2012;51(2):106-21. 
822. Lule E, Rosen JE, Singh S, Knowles JC, Behrman JR. Adolescent Health Programs. In: Jamison 
DT, Breman JG, Measham AR, Alleyne G, Claeson M, Evans DB, et al., editors. Disease Control 
Priorities in Developing Countries 2nd Edition. Washington DC, USA: World Bank; 2006. 
http://www.ncbi.nlm.nih.gov/books/NBK11728/ (accessed Nov 23, 2015). 
315 
 
823. Patton GC, Bond L, Carlin JB, Thomas L, Butler H, Glover S, et al. Promoting social inclusion in 
schools: a group-randomized trial of effects on student health risk behavior and well-being. Am J Public 
Health. 2006;96(9):1582-7. 
824. Greenberg MT, Weissberg RP, O'Brien MU, Zins JE, Fredericks L, Resnik H, et al. Enhancing 
school-based prevention and youth development through coordinated social, emotional, and academic 
learning. Am Psychol. 2003;58(6-7):466-74. 
825. Biglan A, Mrazek PJ, Carnine D, Flay BR. The integration of research and practice in the 
prevention of youth problem behaviors. Am Psychol. 2003;58(6-7):433-40. 
826. World Health Organization. Consolidated Guidelines on the Use of Antiretroviral Drugs for 
Treating and Preventing HIV Infection: Recommendations for a Public Health Approach. Geneva, 
Switzerland: World Health Organization 2013. 
http://www.who.int/hiv/pub/guidelines/arv2013/download/en/ (accessed Jan 02, 2016). 
827. Pahud BA, Ault KA. The Expanded Impact of Human Papillomavirus Vaccine. Infect Dis Clin 
North Am. 2015;29(4):715-24. 
828. Dreyer G, Van der Merwe FH, Botha MH, Snyman LC, Constant D, Visser C, et al. School-based 
human papillomavirus vaccination: An opportunity to increase knowledge about cervical cancer and 
improve uptake of screening. S Afr Med J. 2015;105(11):912-6. 
829. Smith LM, Kaufman JS, Strumpf EC, Lévesque LE. Effect of human papillomavirus (HPV) 
vaccination on clinical indicators of sexual behaviour among adolescent girls: the Ontario Grade 8 HPV 
Vaccine Cohort Study. CMAJ. 2015;187(2):E74-81. 
830. Mayhew A, Mullins TLK, Ding L, Rosenthal SL, Zimet GD, Morrow C, et al. Risk Perceptions 
and Subsequent Sexual Behaviors After HPV Vaccination in Adolescents. Pediatrics. 2014;133(3):404-
11. 
831. Marlow LA, Forster AS, Wardle J, Waller J. Mothers' and adolescents' beliefs about risk 
compensation following HPV vaccination. The Journal of adolescent health : official publication of the 
Society for Adolescent Medicine. 2009;44(5):446-51. 
832. Turiho AK, Muhwezi WW, Okello ES, Tumwesigye NM, Banura C, Katahoire AR. Human 
Papillomavirus (HPV) Vaccination and Adolescent Girls' Knowledge and Sexuality in Western Uganda: 
A Comparative Cross-Sectional Study. PloS one. 2015;10(9). 
833. Mullins TL, Zimet GD, Rosenthal SL, Morrow C, Ding L, Shew M, et al. Adolescent perceptions 
of risk and need for safer sexual behaviors after first human papillomavirus vaccination. Arch Pediatr 
Adolesc Med. 2012;166(1):82-8. 
834. Jacobson RM, Agunwamba AA, St Sauver JL, Finney Rutten LJ. The most effective and 
promising population health strategies to advance human papillomavirus vaccination. Expert review of 
vaccines. 2015;27:1-13. 
316 
 
835. Ford CA, Skiles MP, English A, Cai J, Agans RP, Stokley S, et al. Minor consent and delivery of 
adolescent vaccines. The Journal of adolescent health : official publication of the Society for Adolescent 
Medicine. 2014;54(2):183-9. 
836. English A, Ford CA, Kahn JA, Kharbanda EO, Middleman AB. Adolescent consent for 
vaccination: a position paper of the Society for Adolescent Health and Medicine. The Journal of 
adolescent health : official publication of the Society for Adolescent Medicine. 2013;53(4):550-3. 
837. Suryadevara M, Handel A, Bonville CA, Cibula DA, Domachowske JB. Pediatric provider 
vaccine hesitancy: An under-recognized obstacle to immunizing children. Vaccine. 2015;33(48):6629-34. 
838. Valentino K, Poronsky CB. Human Papillomavirus Infection and Vaccination. J Pediatr Nurs. 
2015;13(15):00326-7. 
839. Edwards KM, Hackell JM. Countering Vaccine Hesitancy. Pediatrics. 2016;138(3). 
840. World Health Organization. Report of the SAGE working group on Vaccine Hestitancy. Geneva, 
Switzerland: Worl Health Organization, 2014. 
http://www.who.int/immunization/sage/meetings/2014/october/1_Report_WORKING_GROUP_vaccine_
hesitancy_final.pdf (accessed Nov 30, 2016). 
841. Jacobson RM, St Sauver JL, Finney Rutten LJ. Vaccine Hesitancy. Mayo Clinic proceedings. 
2015;90(11):1562-8. 
 
 
 
 
 
 
 
 
 
 
 
 
317 
 
ANNEXURE A. COSTING STRUCTURES CLARIFIED  
 
(i)  Micro-costing for vaccine delivery costs per participant (US$ 1 = ZAR 8.21) 
 
Cost assignment Line item (ZAR) US$ Notes 
Pharmaceuticals 
STI treatment (7.54) 0.92 
- Cost per one unit of treatment 
- Assigned for potential STI 
syndromic management.  
- Negotiated reduced pricing 
on government tender. 
Contraception (14.39) 1.75 
- Cost includes two units of 
male condoms (pack of 20 
each) and hormonal 
contraception (hormonal 
contraception distributed to 
every second child, if 
requested).   
- Negotiated reduced pricing 
on government tender.  
Human 
Resources 
Lay counsellor 
(per 20 minute session) 
 
(27.78) 3.38 
- Pre- and post- test counselling 
allocated. 
PHC* nurse 
(per 30 minute session) 
 
(54.93) 6.69 - Duties include co-ordination 
of health services, health 
promotion, treatment and 
referral (as required) and 
administration of vaccines.  
ENA* 
(per 15 minute session) 
 
(18.78) 2.29 
Laboratory HIV testing (9.21) 1.12 - Rapid testing kits used as per 
government tender. 
Miscellaneous Transport  (5.31) 0.65 
- Vehicle leasing costs used to 
calculate the transport costs 
per school visit.  
Totals  (137.94) 16.80  
*ENA – Enrolled nursing assistant, PHC – Primary health care 
 
 
(ii) Vaccine costing structures 
 
 Very low Low BASE Medium High 
(ZAR) (20) (50) (100) (150) (200) 
US$ 2.44 6.09 12.18 18.27 24.36 
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